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       Il a été démontré dans plusieurs études épidémiologiques qu’il existe un risque important 
de dépression chez les femmes souffrant d'asthme en dehors de la grossesse.  Cependant, on en 
connait peu sur l'association entre l'asthme pendant la grossesse et la dépression post-partum. 
Par conséquent, le but de cette étude était de quantifier la force de l’association entre l'asthme 
pendant la grossesse et la dépression post-partum. 
       À l’aide des bases de données administratives du Québec, nous avons construit une cohorte 
de 35,520 grossesses de femmes asthmatiques et 197,057 grossesses de femmes non 
asthmatiques qui ont accouchées entre 1998 et 2009. Les femmes asthmatiques ont été 
identifiées à l'aide d’une définition opérationnelle validée. Nous avons utilisé la définition de 
Statistiques Canada pour détecter la dépression post-partum. Cette définition se base sur les 
codes diagnostics de la dépression enregistrés dans les bases de données de la RAMQ et de 
MED-ECHO dans l’année suivant l’accouchement. Un modèle d'équations généralisées a été 
utilisé pour estimer les ratios de cotes (RC) brutes et ajustés et les intervalles de confiance (IC) 
à 95% entre l’asthme pendant la grossesse et la dépression post-partum. La proportion de 
femmes ayant eu une dépression post-partum au cours de l’année suivant l’accouchement était 
plus élevée chez les asthmatiques que chez les non-asthmatiques (6,1% contre 2,9%). Après 
ajustement pour les variables potentiellement confondantes, nous avons observé que les femmes 
asthmatiques étaient 58% plus susceptibles de souffrir de dépression post-partum que les 
femmes non-asthmatiques (RC ajusté : 1,58 ; IC 95%, 1,50 à 1,67). 
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       Les résultats de notre étude suggèrent un risque accru de dépression post-partum chez les 
femmes asthmatiques. Une attention particulière devrait être accordée aux symptômes 
dépressifs chez les femmes asthmatiques dans l’année suivant l’accouchement pour détecter la 
dépression post-partum plus rapidement et intervenir plus efficacement. 
 

























       There is evidence from several epidemiological studies on the increased risk of depression 
among women with asthma outside of pregnancy. However, we found no studies designed to 
investigate the association between asthma during pregnancy and postpartum depression. 
Therefore, the purpose of this study was to assess the association between asthma during 
pregnancy and postpartum depression.  
 
       Based on Quebec administrative databases, we constructed a cohort of 35,520 pregnancies 
from asthmatic women and 197,057 pregnancies from non-asthmatic women who delivered 
between 1998 and 2009. Asthmatic women were identified using a validated operational 
definition. Postpartum depression was defined and specified with diagnostic codes for 
depression from the definition of Statistics Canada recorded in the RAMQ or MED-ECHO 
databases and assessed 1 year postpartum. A generalized estimating equation model was used 
to estimate the crude and adjusted odds ratios (ORs) of postpartum depression and 95% 
confidence intervals (CI) comparing women with and without asthma during pregnancy.  
 
       The proportion of postpartum depression 1 year after delivery was higher among asthmatic 
compared to non-asthmatic pregnant women (6.1% vs. 2.9%). After adjusting for potential 
confounders, we observed that women with asthma were 58% more likely to have postpartum 
depression (adjusted OR: 1.58; 95%CI, 1.50-1.67) than women without asthma during 
pregnancy.  
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      The findings of our study suggest an increased risk of postpartum depression among 
asthmatic women. Attention should be given to depressive symptoms in asthmatic women in 
the year postpartum to detect postpartum depression more rapidly and intervene more 
efficiently. 
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     This MSc thesis consists of seven chapters including an introduction, a review of the 
literature, the objectives and hypothesis of the study, the methods, the results, discussion and 
conclusion and research perspectives. A bibliography section follows these chapters. 
 
       The introduction chapter provides the rationale and general objective of the study we 
performed. The review of the literature covers different aspects on the subject of our study with 
an illustration of the risk factors of postpartum depression while providing an overview of the 
results relevant to our project together with a focus on asthma during pregnancy and postpartum 
depression. The objective and hypothesis chapter present the specific goals of our research 
project. The methodology chapter includes information on the source of data, study design, 
exposure, outcomes, confounding variables, mediators, statistical analyses performed. The 
results chapter contains tables reporting the results of our study on the association between 
asthma during pregnancy and postpartum depression and their interpretation. The discussion 
chapter presents the strengths and limitations of our project, biological mechanisms of the 
impact of asthma on depression. Finally, the conclusion and perspective section includes the 
clinical implications of our results, further research recommendations and it ends with an overall 
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CHAPTER 1: INTRODUCTION 
 
 





       Asthma has been recognized as one of the most common chronic diseases that can 
complicate pregnancy (1-3). The disease affects about 3.4% to 12.4% of pregnant women and 
shows an increasing prevalence over time (2-6). Asthmatic women have been found to be at 
higher risk of adverse pregnancy outcomes than non-asthmatic women in many studies, 
including preeclampsia, antepartum hemorrhage, hypertensive disorders of pregnancy, 
caesarean delivery, placenta previa, and postpartum bleeding (2, 3, 7). 
 
       Postpartum depression (PPD) is one of the most common mental health problems among 
women with a prevalence of 10%-15% worldwide (8-10). Previous studies have depicted the 
feelings and experiences of mothers of postpartum depression such as loneliness, obsessive 
thinking, loss of control, guilt, insecurities, diminished concentration, fear that life would never 
be normal again, lack of positive emotions, loss of interests in hobbies or goals, and fear of 
contemplation of harming themselves and their infants (11, 12). Moreover, postpartum 
depression has been shown to increase sub-optimal cognitive and infant emotional development 
(13-16). These episodes begin after delivery and may last one year (17). The period in which 
postpartum depression is assessed varies considerably between studies (8, 18, 19). Most studies 
in the literature evaluated postpartum depression at 1 month and 3 months after delivery (20-
22). However, according to Canadian guidelines ‘Nursing Best Practice Guidelines’ in 2005, 
they stated that the onset of postpartum depression occurs within 1 year postpartum (23). It has 
been suggested that sociodemographic, social, biological, obstetrical, and personal risk factors 
are associated with PPD (24). 





       A recent study showed that depression is an inflammatory disorder due to the increased 
production of interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α (25). As depression 
is characterized by immune activation, mainly the innate immune system (26). Sickness 
behaviour, the emotional and behavioural symptoms that develop as a consequence of acute 
infection or cytokine therapy, appears to be the result of augmented levels of the pro-
inflammatory cytokines interleukin (IL)-1 and tumour necrosis factor (TNF) and is the most 
commonly cited evidence linking cytokine activation with depression. There is evidence from 
many epidemiological studies on the increased risk of depression among asthmatics outside of 
pregnancy, with significant odds ratio ranging between 1.4 and 2.8 (27-29). The biological 
mechanisms behind this association are still uncertain, but several hypotheses exist. First, the 
role of cytokines that are known to affect inflammatory responses, and the biological processes 
they govern may be shared by asthma and depression (30). Second, the exposure to stressful 
events in the early life and its effects on glucocorticoid resistance (GC) are considered as risk 
factors for the development of both depression and asthma (31).  
 
       Despite the believed association between asthma and depression outside of pregnancy, there 
is very little literature on the association between asthma during pregnancy and postpartum 
depression. We found only one study that reported data on this association, but it was designed 
to explore the impact of the mode and season of delivery on postpartum depression among 
pregnant women. The findings of this study showed that the odds of postpartum depression 
within the first 6 months following delivery was higher among pregnant asthmatic women 
compared to those without asthma during pregnancy, but this difference did not reach statistical 
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significance (adjusted odds ratio = 1.30 (95% CI:0.98, 1.73) (32). Given the fact that maternal 
asthma was not the primary exposure, and the association was adjusted for variables that might 
be in the causal pathway between maternal asthma and postpartum depression, including 
antepartum depression, early onset of delivery, and poor fetal growth. Such adjustment could 
have biased the estimate with an underestimation of the impact of maternal asthma on 
postpartum depression. On the other hand, the authors did not adjust for the area of residence 
and diabetes mellitus, variables that are known risk factors for postpartum depression. 
 
       Thus, the objective of this thesis was to design a study to compare the risk of postpartum 
depression between pregnant women with and without asthma.  
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Review of the literature 
 
       This chapter will introduce the definition of asthma and its prevalence and how to manage 
and treat asthma. In addition, we will discuss asthma during pregnancy, and this will include the 
impact of asthma during pregnancy and impact of pregnancy on asthma. Moreover, we will 
present the definition of postpartum depression and its prevalence. Also, we will cover different 
studies on the association between asthma during pregnancy and postpartum depression, asthma 
and depression outside pregnancy, depression during pregnancy and postpartum depression. 
Finally, we will discuss the risk factors of postpartum depression.   
 
2.1 Asthma and its prevalence 
 
       Asthma is a complex disorder characterized by variable and recurring symptoms, airflow 
obstruction, bronchial hyper-responsiveness, and an underlying inflammation (33). According 
to the Global Initiative for Asthma (GINA) guidelines, asthma is defined as “a chronic 
inflammatory disorder of the airways in which many cells and cellular elements play a role. The 
chronic inflammation is associated with airway hyper-responsiveness that leads to recurrent 
episodes of wheezing, breathlessness and coughing mostly at night or in the early morning. 
These episodes are usually associated with wide spread, but variable, airflow obstruction within 
the lung that is often reversible either spontaneously or with treatment” (34).  
 
       Asthma is a serious global health problem affecting an estimated 300 million individuals 
worldwide (33, 34). Moreover, noticeably higher estimates can be obtained with less 
conventional criteria for the diagnosis of clinical asthma (33). The prevalence of asthma has 
  7 
 
 
increased markedly in most countries over the last 50 years especially in westernized societies 
and is considered as a significant burden not only in terms of health care costs but also in terms 
of loss of productivity and reduced participation in family life (35, 36). Canada and the United 
States have the highest prevalence of asthma in the world for both children and adults, reaching 
about 10% to 11.2% (35, 37). In Quebec, the prevalence of asthma in the population aged 12 
and over increased from 8.2% to 9.1%  from 2012 to 2014 (38).  
2.2 Asthma management and treatment 
 
       The target of asthma treatment is to achieve and maintain asthma under control (33). 
Asthma medications can be classified as controllers and relievers (33). Controllers are drugs 
which are taken daily to achieve and maintain control of persistent asthma (these medications 
are also known as long-term preventive, or maintenance medications) and relievers are 
medications used on an as-needed basis that act rapidly to reverse bronchoconstriction and 
relieve its symptoms (these medications are also known as acute rescue medications) (33). Acute 
asthma exacerbations are managed by relievers, while patients with persistent asthma are 
required to take both classes (33, 34, 39). 
 
2.2.1 Controller medications 
 
       Controller medications should be taken daily on a long-term basis to keep asthma under 
control. The most efficient are those that reduce the underlying inflammation characteristic of 
asthma (34).  
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 Corticosteroids: Are currently the most potent and effective anti-inflammatory 
medication available. Inhaled corticosteroids (ICS) have fewer side effects than oral or 
systemic corticosteroids and are used in the long-term control of asthma (33, 34). ICSs 
are the most effective long-term controller medications in all levels of persistent asthma, 
and they have superiority over any other single long-term controller medication (33). 
The commonly used ICS are Beclomethasone dipropionate, Budesonide, Ciclesonide,  
Fluticasone propionate, Fluticasone furoate, and Mometasone furoate  (33, 34). Systemic 
corticosteroids are used for a short-term period to treat and achieve a rapid control of the 
disease (33, 34). Long-term oral corticosteroids therapy (tablets or syrup) are used at the 
lowest effective dose in cases of severe persistent uncontrolled asthma (see Figure 1), 
with preferring their termination as soon as asthma control is regained (33, 34).  
 Leukotriene modifiers: Zafirlukast or Montelukast may be considered an alternative 
therapy to low doses of inhaled corticosteroids or Cromolyn or Nedocromil for patients 
with mild persistent asthma. Also as adjunctive therapy in patients not sufficiently 
controlled by ICSs (see Figure 1) (33). Several studies have demonstrated that 
leukotriene modifiers are less effective than Long-acting beta2-agonists as add-on 
therapy (40, 41).  
 Long-acting beta2-agonists (LABA): Salmeterol and formoterol are bronchodilators 
that have a duration of bronchodilation of at least 12 hours after a single dose (33). 
LABAs are not to be used as monotherapy for long-term control of asthma as they don’t 
have enough effect on the airway inflammation (33). LABA are recommended in 
combination with ICSs for long-term control in moderate and severe persistent asthma 
(step 3 to 6 in the stepwise approach to managing asthma, see Figure 1) (33). The 
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combination of LABA and ICS is the recommended and preferred choice when a low 
dose of ICS fails to achieve the efficient control of asthma (33, 34).  
 Methylxanthines: Sustained-release Theophylline is a mild-to-moderate bronchodilator 
used for prevention of symptoms of mild persistent asthma or as adjunctive with ICS, in 
moderate or persistent asthma (33). Nowadays, they are rarely used in the management 
of asthma, especially among pregnant women since it can worsen gastric reflux (42).  
2.2.2 Relievers 
 
       Those are quick-relief medications which are used to treat acute symptoms and 
exacerbations. They are usually prescribed on an as needed basis (33, 34).  
 Short-acting beta2-agonists (SABA): Including Salbutamol, Terbutaline, and  
Fenoterol, SABAs are considered therapy of choice for relief of acute asthma symptoms, 
acute exacerbations and preventive of exercise-induced bronchoconstriction prior to 
exercise (see Figure 1) (33, 34).  
 Anticholinergics: Ipratropium bromide provides additive benefit to inhaled beta2-
agonists in moderate-to-severe asthma exacerbations. They also may be used as an 
alternative bronchodilator for patients who do not tolerate SABA (33, 34). 
 Systemic corticosteroids: Short courses of oral corticosteroids or parenteral 
corticosteroid solutions are used for moderate or severe exacerbations to prevent 
progression of exacerbation, reverse inflammation, speed recovery, and reduce the rate 
of relapse (33). They include Prednisone, Prednisolone, and Methylprednisolone (33).   
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Figure 1. Stepwise approach to asthma treatment in adults according to Global initiative for 
asthma guidelines (GINA) 
 
 
Source: Global initiative for asthma guidelines (GINA) for the diagnosis and 
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2.3 Asthma during pregnancy 
 
       Asthma is considered as one of the most frequent chronic diseases complicating pregnancy 
(1). The prevalence of asthma ranges between 3.4% and 12.4% among pregnant women (1, 4-
6). Moreover, a study showed the presence of an overall increasing prevalence of asthma during 
pregnancy over time (43). In the United States, trends of increased prevalence of asthma have 
been observed over the past several decades, particularly among younger age groups. These 
trends suggest a concurrent increase in prevalence in the pregnant population (44, 45).  
2.3.1 Impact of asthma on pregnancy 
 
       Many studies examined the pregnancy outcomes of asthmatic women compared to non-
asthmatic women and had shown increased risk of adverse maternal and fetal outcomes among 
asthmatic women (2, 4, 7, 46, 47). Asthmatic women were found to be at higher risk of 
preeclampsia, antepartum hemorrhage, hypertensive disorders, caesarean delivery, placenta 
previa, and postpartum bleeding compared to non-asthmatic women (2, 4, 7, 46, 47). Adverse 
fetal outcomes found to be at higher risk among women with asthma are small for gestational 
age infants, low birth weight, preterm delivery, congenital malformations, transient tachypnea 
of the newborn, neonatal hypoxia, and neonatal hyperbilirubinemia (7, 48-51).  
2.3.2 Impact of pregnancy on asthma 
 
       The rule of thirds applies to pregnant asthmatic women, where approximately one-third of 
the patients suffer from worsening of their asthma symptoms, one-third experience 
improvement, while one-third of the pregnant women has no change in their asthma (52-54).  
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       Many studies showed that severe asthma is more likely to worsen during pregnancy (7, 55, 
56). The fewest symptoms happen after week 37 before delivery, and approximately 75% of 
women return to their pre-pregnancy status within 3 months postpartum (7). The variation in the 
course of asthma tends to be consistent during consecutive pregnancies and exacerbations in 
labor and childbirth are infrequent (7, 39, 56, 57). The mechanism underlying these changes of 
asthma during pregnancy is still not fully understood. Asthma is a highly variable disease, and 
a number of physiologic changes exist during pregnancy which could lead to worsening or 
improve asthma (7, 56). Some physiological factors can improve asthma such as progesterone-
mediated bronchodilation and decreased plasma-histamine-mediated bronchoconstriction 
resulting from increased circulating histaminase (53). On the other hand, increased stress and 
increased gastroesophageal reflux-induced asthma symptoms are from the factors that may 
worsen asthma (53). Since the course of asthma can change during pregnancy, therefore 
pregnant women need to be followed up more closely, and their therapy should be adjusted if 
necessary to improve and achieve control of symptom (7, 39, 57).  
2.4 Postpartum depression and its prevalence 
 
       Postpartum depression is a nonpsychotic depressive episode beginning in the postpartum 
period (58, 59). At present, postpartum depression is not classified as a separate disease; it is 
diagnosed as part of affective or mood disorders in both the American Psychiatric Association’s 
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and the World Health 
Organization’s International Classification of Diseases (ICD-10). According to the DSM-IV, 
postpartum depression is a depressive disorder with onset within the first 4 weeks postpartum. 
Postpartum depression (PPD) is a significant public health problem, with a prevalence of 10%-
  13 
 
 
15% worldwide (8-10). In Canada, the prevalence of postpartum depression increased from 
8.7% to 16.4% from 2011 to 2014 (60, 61). This condition has negative health implications for 
the mother, and child (12). The symptoms of postpartum depression are similar to depression 
unrelated to childbirth (62). However, despite these similarities, postpartum depression is 
frequently exacerbated by other indicators such as low self-esteem, inability to cope, loneliness, 
feelings of incompetence, and loss of self (63-65). Moreover, postpartum depression has been 
shown to increase sub-optimal cognitive and infant emotional development (13-16). The period 
in which postpartum depression is measured differs between studies (8, 18).  Most studies in the 
literature assessed postpartum depression at 1 month and 3 months after delivery (20-22). 
However, according to most recent Canadian guidelines ‘Nursing Best Practice Guidelines’ in 
2005, the onset of postpartum depression occurs within 1 year postpartum (23).  
2.5 Association between asthma during pregnancy and postpartum depression  
 
       There are no published studies specifically designed to investigate the association between 
asthma during pregnancy and postpartum depression. We found only one case-control study that 
examined the association between asthma during pregnancy and postpartum depression (PPD) 
(32), but this study was designed to assess the impact of the mode and season of delivery on 
postpartum depression, and maternal asthma was considered as a potential confounder. The 
study subjects consisted of 2,107 cases of postpartum depression and 8,428 controls without 
postpartum depression selected between 2003 and 2006 from the Taiwan's National Health 
Insurance Research Database (NHIRD). In this study, mode and season of delivery were 
considered as the main exposures while asthma was a potential confounder. Postpartum 
depression was measured within the first 6 months following delivery and identified using 
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diagnosis codes of depression (ICD-9: 309, 311, 296.2, 296.3, 296.5, 300.4) and the prescription 
of antidepressants. Among cases and controls, there were 91 and 217 women with asthma 
respectively. In this case-control study, women with asthma during pregnancy were more likely 
to have a postpartum depression within the first 6 months following delivery, but this association 
did not reach statistical significance (odds ratio = 1.3 (95% CI:0.98, 1.73). This study had good 
external validity since participants come from a national health insurance database which 
included almost 99% of the total population of Taiwan. However, some limitations should be 
taken into account in the interpretation of the results. The study was based on health 
administrative databases that did not include information about possible risk factors of PPD, 
including lack of social support, family income, education of the mother, area of residence and 
diabetes mellitus. Not controlling for those variables might have resulted in residual 
confounding. However, because of the fact that maternal asthma was not the main exposure, the 
association was adjusted for variables that might be in the causal pathway between maternal 
asthma and postpartum depression, including antepartum depression, early onset of delivery, 
and poor fetal. Such adjustment could have biased the estimate of the association between 
asthma during pregnancy and PPD towards the null.  
2.6 Association between asthma and depression outside pregnancy 
 
       We identified 10 studies that examined the association between asthma and depression 
outside pregnancy (27, 29, 66-71). Six of these studies were conducted using a cross-sectional 
design, and 4 studies were nested case-control and cohort designs. In this section, first I will 
briefly summarize the main results obtained from the cross-sectional studies followed by the 
results of nested case-control and cohort studies.  
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2.6.1 Cross-sectional studies  
 
       Trojan et al. (2014) included 12,944 participants aged more than 50 years old, who 
completed physician-based preventive health examinations at the Cooper Clinic from 2000 to 
2012 (27) (Table 1). Asthma was assessed by indicating whether participant ever had a 
significant problem with any of the symptoms or conditions listed in the questionnaire of the 
study with asthma as one choice. Asthma diagnosis was then confirmed by a physician based 
on participant’s answers, and current asthma medications were also recorded. Current clinically 
significant depressive symptoms were measured by the Epidemiologic Studies Depression Scale 
(CES-D) ≥ 10. The study showed that the prevalence of asthma was 9.0%, but the proportion of 
patients with CES-D score ≥ 10 by asthma status was not reported. The findings demonstrated 
that patients with asthma were more likely to have current depressive symptoms than patients 
without asthma (odds ratio (aOR) =1.41 (95% confidence interval, 1.16-1.70), adjusted for age, 
female, BMI, diabetes, cancer, hypertension, myocardial infarction, alcohol consumption, 
cerebral vascular accident, inhaled corticosteroid, long-acting b-agonist and smoking. Similar 
and consistent findings were reported by all other studies indicating that asthma was associated 
with depression (29, 66, 67, 69, 70) (Table 1). The majority of these studies used validated 
measures of both asthma and depression and were characterized by large sample sizes and 
adequate power to assess the prevalence of depression. These studies were also conducted in 
different countries and on populations of different age group (adults, and teenagers) and 
provided consistent results. However, a major limitation of these studies was that they do not 
allow to assess the temporal association between asthma and depression. They only allow for 
hypothesis generation and longitudinal studies are warranted.  
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2.6.2 Nested case-control and cohort studies    
 
       Two studies were reported in the literature. Those studies examined the longitudinal 
association between asthma and depression. First, Walter et al. (2011) published the results of a 
case-control analysis in a historical cohort using data selected from the General Practice 
Research Database (GPRD) (68) (Table 1). The authors found that the adjusted incidence rate 
ratio (IRR) for depression in patients with asthma versus patients without asthma was 1.59 
(95%CI: 1.48–1.71) while adjusting for age, sex, practice, diabetes, cardiovascular diseases, 
cerebrovascular diseases, and smoking. The study has some limitations. There have been no 
studies that have examined the validity of diagnoses for depression in the GPRD, though a study 
of psychosis diagnoses using this database found high predictive values (72). Moreover, the 
authors were unable to assess the severity of asthma directly and had to use a medication based 
proxy, though this has been used successfully in another study (73). In addition, the authors 
were unable to measure adherence to medications. Poor adherence may result in fewer visits to 
a GP because patients would not have to attend to for further prescriptions, or it could lead to 
poorer asthma control which may in turn result in more visits. Poor compliance may therefore 
be a residual confounder. The study has some strengths. The authors conducted sensitivity 
analyses to explore the possible effects of misclassification of depression. There was no loss of 
follow-up as registration with primary care and exits from the database are carefully recorded. 
Also, the GPRD has been validated for use in respiratory epidemiology (74), and the results 
from the database for asthma are consistent with published studies on the epidemiology of 
asthma (75). 
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       A cohort by Brunner et al. (2014) (71) included 3,016 men and women aged 23–35 years 
from the United States and followed them for 20 years. The authors found that the hazard of 
incident depressive symptoms was similar between patients with and without asthma (adjusted 
hazard ratio = 0.92; 95% CI = 0.70–1.20 while adjusting for age, study center, education, 
smoking status, and body mass index (BMI)). The major strengths of this study are the ability 
to examine the temporality of the association between asthma and depressive symptoms over a 
20 year period, large sample size, many years of follow-up with good retention, and the 
availability of data on potential confounders such as obesity and smoking. Nevertheless, The 
study has limitations. Self-reported provider-diagnosed asthma might lead to non-differential 
misclassification bias as compared with objective tests. Furthermore, recall bias may misclassify 
age of onset of disease and erroneously classify pediatric disease on recurrence as incident adult-
onset disease. 
       Van den Bemt et al. (2016) published the results of a case-control analysis in a historical 
cohort using data from the Continuous Morbidity Registration (CMR) Netherlands database (76) 
(Table 1). The authors found that the hazard ratio for the first episode of depression in the asthma 
patients compared to control subjects was not statistically significant, hazard ratio (HRs=1.18, 
95% CI: 0.78–1.79) after controlling for months of multi-morbidity. The study has some 
strengths. The authors used a large primary care cohort with extensive follow-up, with almost 
800 patients with asthma and matching numbers of controls based on gender, date of birth and 
socioeconomic status. Since all residents in the Netherlands are registered in general practice, 
prevalence and incidence figures based on primary care registrations are representative for the 
general population. Also, the study had the ability to examine the temporal relation between 
asthma and depression. Never the less, the study has certain limitations. The authors had no 
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information on asthma severity, level of asthma control, smoking status and obesity. They may, 
however, be potential confounders. Patients with frequent exacerbations, moderate-to-severe 
asthma or uncontrolled asthma may be at higher risk of depression than patients with stable, 
intermittent-to-mild or controlled asthma. This warrants further investigation. The author used 
depression as diagnosed by the GP as the outcome of the study. The prevalence of depression is 
considered to be underestimated because neither all depressed patients present their problem to 
a GP nor GPs do always diagnose depression when presented (77). 
 
       A prospective cohort study by Goodwin et al. (2004), included 2,036 individuals vary 
between ages 18 and 21 years (78) (Table 1).  In this study, the authors have used data gathered 
during the course of the Christchurch Health and Development Study (CHDS) in New Zealand. 
Overall, 22.1% of the entire sample was classified as having major depression during the period 
from 16-18 years, and 23.5% from 18-21 years. The authors found that asthma in adolescence 
and young adulthood was associated with major depression. Meanwhile, this association was no 
longer significantly associated after controlling for socio-economic adversity, parental change 
and conflict, child abuse exposure, and parental adjustment, aOR=1.1 (95%Cl: 0.5-2.1). One 
important findings of this study is that childhood adversity or unexamined familial factors may 
account for some of the comorbidity of asthma and depressive and anxiety disorders. The 
prospective nature of the study allowed to assess the temporality between the onset of asthma 
and major depression. This study has some limitations. For instance, data on asthma and 
depression were gathered over relatively wide time intervals i.e. between 16-18 and 18-21 years 
of age of the participants. It is likely that the study has been subjected to measurement errors 
due to recall bias.  In addition, the reliability of data on asthma diagnosis is questioned because 
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the study recruited lay interviewers to obtain self-report information on asthma which was not 
confirmed later with medical diagnosis data.   
       In summary, although the studies mentioned above share some methodological limitations, 
they suggest a possible association between asthma and depression among diverse populations.  
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Table 1. Association between asthma and depression outside of pregnancy. 
Articles Design Study Population  Source of data Exposure (asthma) Outcome (depression) Result 





- 12,944 participants aged more 
than 50 years old. 
 
 
Questionnaire Assessed by using a 
questionnaire to identify 






Depression Scale (CES-D). 
 
 
 Patients with asthma were more 
likely to have current depressive 
symptoms than patients without 
asthma (odds ratio (aOR) =1.41 (95% 
confidence interval, 1.16-1.70), 
adjusted for age, BMI, diabetes, 
cancer, hypertension, myocardial 
infarction, alcohol consumption, 
cerebral vascular accident, inhaled 
corticosteroid, long-acting b-agonist 
and smoking. 





- 245,727 women and men aged 
≥18 years from the 2002 World 
Health Survey (WHS). 
 
- This survey was conducted in 
70 countries across five 
continents (Europe, Australia, 




Questionnaire Participants reported 
physician-diagnosed asthma 
and episodes of wheezing 
were assessed by 
questionnaire within the 
past 12 months. 
The 2002 WHS interview 
was used to assess the 
presence of a major 
depressive episode (MDE) 
within the previous 12 
months. 
- The mean prevalence major 
depressive episode (MDE) in 
previous 12 months was 8.4%. 
 
- Individuals with asthma had higher 
odds of depression than those without 
asthma (aOR:2.37, 95% CI:2.10–
2.66) while adjusting for age, sex, and 
education. 
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Articles Design Study Population  Source of data Exposure (asthma) Outcome (depression) Result 




7,000 French teenagers that 
were interviewed (mean age: 
15.1 years) by school 
doctors/nurses using a 
standardized questionnaire. 
Questionnaire Assessed by the French 
version of the standardized 
International Study of 





Major depressive episodes 
(MDE) were assessed by 
the Composite International 
Diagnostic Interview short 
form (CID-SF) during the 
past 12 months. 
- The prevalence of major depressive 
episodes was 14.2% in teenagers with 




- Children with current asthma were 
significantly more likely to have had 
an episode of MDE in the past year 
than children who had never had 
asthma (aOR: 1.7, 95% CI: 1.2–2.4) 
while adjusting for gender, age, 
family structure, and the father’s 
employment status. 





3,010 participants randomly 
recruited from South Australian 











- Self-reported asthma in 
past 12 months  
 
- The diagnosis was then 
confirmed by a physician. 
 
. 
Depression was assessed by 
the Primary Care 
Evaluation of Mental 
Disorders (PRIME-MD) 
questionnaire. 
- There was a statistically 
significantly higher frequency of 
major depression among those with 
asthma (14.4% [43/299]) compared 
with those without asthma (5.7% 
[154/2711]; p=0.000). 
 
- The prevalence of depression (any 
level of severity) was higher among 
individuals with asthma (22.1% 
(66/299)) than among individuals 
without asthma (16.7% (452/2711); 
p-value=0.03). 




- Eighteen population surveys 
of household-residing adults 
were carried out in 17 countries, 
with a total of 85,088 
respondents. 
 
Questionnaire Asthma was defined by US 
National Health Interview 
Survey. 
- Mental disorders included 
anxiety, depressive, and 
alcohol use disorders. 
 
- Assessed with the 
Composite International 
Diagnostic Interview (CIDI 
3.0). 
- The prevalence of major depression 
varied from 2% to 26% across the 
surveys. 
 
- The pooled age and sex-adjusted OR 
for depressive disorders among 
persons with asthma relative to those 
without asthma was 1.6 [95% 
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Articles Design Study Population  Source of data Exposure (asthma) Outcome (depression) Result 
De Miguel Díez 
et al. 2011 (70)  
Cross-sectional 
study 
- 28,966 subjects. 
 
- Based on individual data of 
subjects aged ≥18 years drawn 
from the 2006 Spanish National 
Health Survey. 
 
Questionnaire Participants who have 
suffered asthma over the 
previous 12 months and the 
medical doctor confirmed 
their asthma diagnosis. 
Depression over the 
previous 12 months, the 
medical doctor confirmed 
their depression diagnosis 
and consumed 
antidepressant over the last 
2 weeks. 
- The prevalence of depression was 
9% among asthmatics and 5.5% 
among those without asthma. 
 
- OR of 1.39 (95% CI 1.18–1.64) 
adjusted for sex, age and education. 
 






- Followed up 
through the 




- 11,275 incident cases of 
asthma aged over 16 years 
recorded between January 1st, 
1995 and December 31st, 1996. 
 
- Patients with asthma were 
matched to patients without 







Defined by Oxford Medical 
Information System 
(OXMIS) codes and Read 





Assessed by Oxford 
Medical Information 
System 
(OXMIS) codes and Read 




The adjusted incidence rate ratio 
(IRR) for depression in patients with 
asthma versus patients without 
asthma was 1.59 (95%CI: 1.48–1.71) 
while adjusting for age, sex, practice, 
diabetes, cardiovascular diseases, 
cerebrovascular diseases, and 
smoking. 






3,016 men and women aged 
23–35 years from the United 




Questionnaire Having a physician 
diagnosis of asthma and 
reporting either asthma 
symptoms in the past year 
or current asthma 
medication use. 
Incident depressive 
symptoms were measured 
with the Center for 
Epidemiologic Studies 




The incident of depressive symptoms 
was similar between patients with and 
without asthma (adjusted hazard ratio 
= 0.92; 95% CI = 0.70–1.20 while 
adjusting for age, study center, 
education, smoking status, and body 
mass index (BMI)). 





- 795 patients with asthma, 
1,033 patients with diabetes and 
1,590 matched control subjects. 
 
-Based on data from the 
Continuous Morbidity 
Registration (CMR) 
Netherlands database from 
January 1985 until December 
2008.   
 
-Patients with an asthma 
diagnosis were matched to 






-Diagnosed since 1985 in 
the CMR database. 
 
-At least one subsequent 
asthma follow-up visit had 
to be recorded by the 
GP after the child’s 6th 
birthday. 
 
-Control subjects were 
free from any of the chronic 
conditions at the start of 
their observation period at 
the age of 18. 
Measured by CMR general 
practitioner after the age of 
18.    
-Cumulative incidence 
of depression in asthma patients was 
5.2%, in diabetes miletus patients 
4.1% and in control subjects 3.3%.  
 
-The Hazard Ratio for the first 
episode of depression in the asthma 
patients compared to control subjects 
was not statistically significant, 
hazard ratio (HRs=1.18, 95% CI: 
0.78–1.79) after controlling for 








Articles Design Study Population  Source of data Exposure (asthma) Outcome (depression) Result 




-2,036 individuals vary 
between age 18 and age 21. 
 
-Gathered during the course 
of the Christchurch 
Health and Development 
Study (CHDS) in New 
Zealand. 
Questionnaire Having a physician 
diagnosis of asthma and 
reporting either asthma 






(CIDI) (WHO 1993) 
over the periods 16-18 
and 18-21 years. 
-Overall, 22.1% of the entire sample 
was classified as having major 
depression during the period from 
16-18 years, and 23.5% from 18-21 
years. 
 
-Asthma in adolescence and young 
adulthood was no longer 
significantly related to major 
depression, aOR=1.1 (95%Cl: 0.5-
2.1) after controlling for socio-
economic adversity, parental 
change and conflict, child abuse 
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2.7 Association between depression during pregnancy and postpartum depression  
 
       Ten prospective cohort studies examined the association between depression during 
pregnancy and postpartum depression (see Table 2) (20, 79-87). Gaillard et al. (2014) conducted 
a prospective cohort study between November 2007 and November 2009 and included 264 
pregnant outpatients were consecutively enrolled from a single public maternity unit (Louis 
Mourier Hospital, Colombes, France) (Table 2) (82). Antenatal depression was assessed by the 
Edinburgh Postnatal Depression Scale (EPDS) between 32 and 41 weeks gestation. Postpartum 
depression was evaluated by the EPDS during the second month after delivery. Among 264 
women, 44 (16.7%) had postpartum depression, and 44 (16.7%) had antenatal depression, as 
defined by an EDPS ≥12. Moreover, 19 (7.2%) patients presented with both antenatal and 
postpartum depression symptoms. The authors found that women with antenatal depression 
were significantly more likely to experience postpartum depression than those without antenatal 
depression, (OR= 4.6 [95% CI, 2.0–10.1]) after adjusting for age, unemployment, educational 
level, health insurance, physical abuse by the partner and migrant status. The first strength of 
this study is the use of a prospective design thus, excluding the possibility of recall bias. 
Secondly, assessment of depressive symptoms during the second month after delivery, a period 
of time associated with a high rate of PPD, therefore increasing the statistical power of the study. 
The study has certain limitations. First, the EPDS is a self-reported questionnaire and may 
overestimate the rate of PPD as it can neither diagnose depression nor establish prevalence 
accurately. Secondly, lack of potential confounders that are known to increase the risk of PPD 
such as social support, life stressors, history of depression and family history of depression.  
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       Another longitudinal study was reported by Heron et al. (2004). This prospective study 
consisted of 8,323 pregnant women from the Avon Longitudinal Study of Parents and Children 
(ALSPAC) (Table 2) (85, 88). Depression during pregnancy and postnatal depression were 
evaluated at 18 and 32 weeks gestation and both 8 weeks and 8 months postpartum with the 
Edinburgh Postnatal Depression Scale (EPDS). This measure has been shown to be valid in and 
outside the postnatal period (89). The authors found that depression at 18 and 32 weeks  
gestation predicted postnatal depression at both 8 weeks and 8 months, after controlling for 
anxiety at 18 and 32 weeks gestation , with reported OR at 18 weeks of gestation = 3.17 (95% 
CI: 2.29, 4.37), and OR at 32 weeks of pregnancy = 6.55 (95% CI: 4.68, 9.17), respectively. 
The study has some limitations.  Data of the study were based on self-report only, and there was 
evidence of selective attrition as individuals who reported the highest initial levels of symptoms 
were disproportionately likely to drop out of the study. These limitations are offset by major 
strengths, including the large community sampling frame, prospective design and multiple 
assessments in the antenatal and postpartum depression.   
 
       Another prospective Cohort study (the Maternal Health Study) was performed by 
Woolhouse et al. (2015). It included 1,507 nulliparous women aged more than 18 years old 
during the first trimester of pregnancy, collecting data at five postpartum time-points (3, 6, 12, 
18 months and 4 years) from six metropolitan public hospitals in Melbourne Australia (Table 2) 
(83). Depression during pregnancy and postpartum depression at 3, 6, 12 and 18 months and 4 
years postpartum were evaluated by the Edinburgh Postnatal Depression Scale (EPDS) ≥13. The 
authors found that the prevalence of depressive symptoms at 4 years postpartum was 14.5%. 
This prevalence was higher than at any time-point in the first 12 months postpartum. Strengths 
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of the study include recruitment of first-time mothers in early pregnancy, an intensive follow-
up from early pregnancy to 18 months postpartum, and extension of the study to include follow-
up 4 years after the index birth, and very high levels of participant retention. The study has some 
limitations. Women recruited for the study were not representative in terms of 
sociodemographic characteristics. Younger women, single women, and women born overseas 
from a non-English-speaking background were under-represented. Therefore, prevalence 
estimates of depression likely underestimate the true prevalence of these conditions, and the 
results presented here may not be fully generalizable. There is also the probability of selective 
attrition over time in longitudinal studies, where women most at risk of depression are the most 
likely to be lost to follow-up leading to underestimation of the true prevalence of depression in 
the population, particularly at later follow-up points.    
 
       We mentioned above the most important studies after that we grouped the other studies 
reported in the literature together because they share common characteristics (see Table 2). We 
also found similar and consistent findings were reported by all the other studies (20, 79-81, 84, 
86, 87). The majority of these studies shared common strengths: based on a population-based 
prospective cohort designs, a reasonable number of women with postpartum depression 
symptoms and detailed data for maternal mental health in terms of depressive symptoms during 
pregnancy, this has allowed robust, concurrent estimates of multiple risk factors. Also, some 
studies used the structured diagnostic interview to confirm the diagnosis of postpartum 
depression (81). These studies were also conducted in different countries and provided an 
insight into the approximate prevalence of PPD. However, these studies suffered from common 
limitations. They included loss to follow-up which can cause selection bias, residual 
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confounding due to past history of adversity or mental health problems or due to other unknown 
social and lifestyle variables. In addition, these studies used the Edinburgh Postnatal Depression 
Scale (EPDS) (a self-report screening tool) as a measure of depressive symptoms. This measure 
may be inadequate because it can neither diagnose depression nor establish prevalence 
accurately. Some of these studies had small sample sizes which would not allow precise 
estimates of the associations. Also, most of these studies used a convenient sample which may 
limit the generalizability of the findings. 
 
       In summary, the studies mentioned above suggest an association between depression during 
pregnancy and postpartum depression among different populations.   
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Table 2.  Association between depression during pregnancy and postpartum depression (PPD) 












aged more than 16 
years old from four 
maternity clinics in 
Greece. 
Questionnaires Assessed by the Edinburgh 
Postnatal Depression Scale 
(EPDS) questionnaire at 28-32 
weeks of gestation. 
Measured by the EPDS at 
8 weeks postpartum. 
- The authors found that the 
prevalence of women with 
probable depression (EPDS 
score ≥13) was 16.7 % at 28–
32 weeks of pregnancy and 
13.0 % at 8 weeks postpartum. 
 
- Antenatal depression was 
associated with a 27% increase 
in the odds of postpartum 
depression (PPD), (aOR = 
1.27, 95 % CI 1.19, 1.36; 
adjusted for delivery type, 
infant sex, working during 
pregnancy, smoking during 
pregnancy, physical activity 







- 40,333 pregnant 
women with a mean 
age of 30.3 years. 
 
 
Questionnaires Assessed by the Edinburgh 
Postnatal Depression Scale 
(EPDS) questionnaire during 
pregnancy. 
Measured by the EPDS at 
6 weeks after childbirth. 
- The authors collected 
antenatal EPDS data from 
35,374 women, and 8.9 % of 
these women had a score >12 
indicating major or minor 
depressive symptoms. 
 
- Women with antenatal 
depression were significantly 
associated with an increased 
risk of developing postpartum 
depression with an adjusted 
odd ratio of 1.18 (95% CI= 
(1.15–1.21) controlled for 
demographic antenatal risk 
factors and psychosocial 
antenatal risk factors. 






between 18 and 50 
years from nine 
Questionnaire Assessed at the third trimester 
of pregnancy by the 
Edinburgh Postnatal 
- Evaluated by the EPDS at 
2 months after childbirth. 
 
- Among the 805 women who 
completed the postnatal 
assessment, 126 (15.7%) were 
diagnosed with a major 
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Depression Scale (EPDS) 
questionnaire. 
- Structured Clinical 
Interview for Diagnostic 
and Statistical of Mental 
disorders (DSM-IV) Axis I 
Disorders (SCID-I) was 
used to diagnose the 
presence of major 
depression in the postnatal 
period. 
depressive episode based on 
the SCID-I. 
 
- Patients with antenatal 
depressive symptoms were 
more likely to develop 
postnatal depression relative to 
those without antenatal 
depressive symptoms with an 
adjusted odds ratio of 4.09 
(95% CI: 2.54-6.59) controlled 
for socio-demographic 
characteristics. 








enrolled at a single 




Questionnaire Assessed by Edinburgh 
Postnatal Depression Scale 
(EPDS) between 32 and 41 
weeks gestation. 
Evaluated by EPDS during 
the second month after 
delivery. 
- Among 264 women, 44 
(16.7%) had postpartum 
depression, and 44 (16.7%) had 
antenatal depression, as 
defined by an EDPS ≥12. 
Moreover, 19 (7.2%) patients 
presented with both antenatal 
and postpartum depression 
symptoms. 
 
- Women with antenatal 
depression were more likely to 
experience postpartum 
depression than those without 
antenatal depression, (OR= 4.6 
[95% CI, 2.0–10.1]) after 
adjusting for age, 
unemployment, educational 
level, health insurance, 
physical abuse by the partner 
and migrant status. 





trial of prenatal care. 
- 1,403 medically 
low-risk pregnant 
women aged 25 
years of age or older. 
 
- They were 
recruited through 
prenatal clinics early 
in pregnancy. 
Questionnaires. Assessed during the third 
trimester by Kellner Symptom 
Questionnaire. 
Measured by Edinburgh 
Postnatal Depression Scale 
(EPDS) ≥13 at 8 weeks 
postpartum. 
- 11.0% of women displayed 
symptoms of postpartum 
depression at eight weeks 
postpartum. 
 
- Pregnant women with 
depression during pregnancy 
were more likely to develop 
major postpartum depression 
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compared to those without 
depression during pregnancy, 
adjusted OR (95% CI) = 2.83 
(1.29–6.19) while controlling 
for maternal age, having a 
stable partner, family history of 
depression, induction of labour, 
mode of delivery, hospital stay 
length, sex of baby, alcohol use 
or binge drinking during 
pregnancy, and illicit drug use 
during pregnancy. 
Woolhouse et 





women aged more 






Questionnaire Measured by Edinburgh 
Postnatal Depression Scale 
(EPDS). 
Measured by (EPDS)≥13 
at 3, 6, 12 and 18 months 
and 4 years postpartum.  
 The authors found that the 
prevalence of depressive 
symptoms at 4 years 
postpartum was 14.5%, and 
was higher than at any time-
point in the first 12 months 
postpartum. 





women aged more 
than 18 years of age 
recruited in an 
antenatal clinic of a 
regional hospital in 
Hong Kong. 
 
Questionnaire Measured by the Hospital 
Anxiety and Depression Scale 
at first trimester, second 
trimester, and third trimester. 
Evaluated by the 
Edinburgh Postnatal 
Depression Scale 
questionnaire at 6 weeks 
postpartum. 
- The authors found that 24.2 
% of women who completed 
the 6-week postpartum 
questionnaire scored above 
threshold on the Edinburgh 
Postnatal Depression Scale, 
representing a high potential of 
having clinically significant 
postpartum depression. 
 
- Women with antenatal 
depression were more likely to 
develop postpartum depression 
than those without antenatal 
depression, adjusted OR 4.16, 
95% CI 2.05–8.46 in the first 
trimester; adjusted OR 3.35, 
95% CI 1.62–6.91 in second 
trimester; and adjusted OR 
2.67, 95% CI 1.27–5.58 in 
third trimester controlling for 
age, parity, marital status, 
educational level, family 
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income, history of smoking and 
history of drinking. 






women based on 
Avon Longitudinal 
Study of Parents and 
Children 
(ALSPAC). 
Questionnaire Evaluated at 18 and 32 weeks 
gestation with the Edinburgh 
Postnatal Depression Scale 
(EPDS). 
Assessed at both 8 weeks 
and 8 months postpartum 
with the Edinburgh 
Postnatal Depression Scale 
(EPDS). 
Antenatal depression predicted 
postnatal depression at both 8 
weeks and 8 months, even after 
controlling for antenatal 
anxiety, with reported OR at 18 
weeks of gestation = 3.17 (95% 
CI: 2.29, 4.37), and OR at 32 
weeks of pregnancy = 6.55 




Longitudinal study - 153 Korean 
women aged 18 
years and older. 
 
- Participants were 
recruited from three 
maternity clinics in 
Korea. 
Questionnaire Assessed by the Edinburgh 
Postnatal Depression Scale 
Korean at first, second (24-26 
weeks), third (32 
-34 weeks) trimester. 
Evaluated by the 
Edinburgh Postnatal 
Depression Scale Korean 
at 4 weeks postpartum. 
- The prevalence of depression 
in the prenatal and postpartum 
period ranged from 40.5% to 
61.4%. 
 
- Only depression at the second 
and third trimester was 
significantly associated with an 
increased risk of developing 
postpartum depression at 4 
weeks after childbirth, 
(p<0.01). However, depression 
at the first trimester was not 




Prospective study - 137 pregnant 
women, aged 18 and 
above. 
 
- These women were 
attending the 
Maternal and Child 
Health Center 
(MCHC) in the 
Emirate of Sharjah. 
Questionnaire Assessed during the second 
and third trimester of 
pregnancy by the Beck 
Depression Inventory-II (BDI-
II). 
Measured by the 
Edinburgh Postnatal 
Depression Scale (EPDS) 
and Mini International 
Neuropsychiatric Interview 
(MINI) at 2 months and 4 
months. 
- The prevalence of postpartum 
depression for women in this 
study was 10%. 
 
- Depression during pregnancy 
in both the second and third 
trimesters was significantly 
associated with postpartum 
depression at 2 and 4 months 
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2.8 Risk factors of postpartum depression 
 
       From the literature, we identified the risk factors for postpartum depression. The causes of 
the postpartum depression remain unclear, but several risk factors have been determined, these 
risk factors are categorized into sociodemographic variables, maternal characteristics before and 
during pregnancy, delivery specifications, maternal characteristics after childbirth and infant 
characteristics (see Table 3). Table 3 represents the risk factors for postpartum depression and 
an estimated crude and adjusted odd ratios or relative risks of PPD. It also shows whether these 
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Range of crude OR (cOR) Range of adjusted OR (aOR) / Relative 
risk (RR) of postpartum depression 
(references) 
Information available 




Younger maternal age  aOR: 1.14-5.27 (22, 91, 92) yes 
Residential area  Rural vs. Urban 
aOR= 0.80 (95% CI: 0.57–1.11) (93) 
yes 
Mother education  Only reading and writing vs. University 
aOR= 2.20 (95% CI: 1.33–3.61) (91) 
 
Primary/High school vs. University 
aOR= 1.71 (95% CI: 1.04–2.83) (91) 
 
No education vs. College 
aOR= 2.08 (95% CI: 1.39–3.11) (24) 
no 
Husband education  No education vs. College 
aOR= 1.80 (95% CI: 1.03–3.13) (24) 
 
Primary school vs. College 
aOR= 1.40 (95% CI: 1.08–1.81) (24) 
no 
Unemployment cOR= 2.6 (95% CI: 1.5–4.7) (94)  no 
Financial problem  aOR= 1.13 (95% CI: 1.07-1.20) (95) 
aOR=1.82 (95% CI: 1.22–2.76)  (96) 
no 






In New York state (excluding New York City) 
Public insurance vs. Private 
aOR= 3.8 (95% CI: 3.5–4.1) (97) 
 
In New York City 
Public insurance vs. Private 
aOR= 2.1 (95% CI: 1.8–2.5) (97) 
yes 
Domestic violence  aOR= 2.82 (95% CI: 1.15-6.89) (98) no 





Range of crude OR (cOR) Range of adjusted OR (aOR) / Relative 
risk (RR) of postpartum depression 
(references) 
Information available 
in the Quebec 
administrative  
databases 
aOR= 4.0 (95% CI: 1.6–10.2) (99) 
Childhood physical abuse  aOR= 1.69 (95% CI: 1.04-2.75) (21) no 
Lack of social support by the partner  aOR= 1.9 (95% CI: 1.2-3.1) (100) 
aOR= 3.65 (95% CI: 1.22–5.21) (96) 
no 
Lack of social support by the family  aOR= 4.34 (95% CI: 2.70–6.13) (96) no 
Poor marital relationship  aOR= 1.83 (95% CI: 1.32–2.65) (96) no 
Polygamy  aOR= 7.7 (95% CI: 2.3-25.9) (101) no 
Maternal characteristics before pregnancy 
History of miscarriage  1-2 vs. 0 
aOR= 1.31 (95% CI: 1.05–1.62) (24) 
 
+3 vs. 0 
aOR= 2.40 (95% CI: 1.30–4.43) (24) 
yes 
Premenstrual syndrome  aOR= 1.5 (95% CI: 1.1-2.1) (100) 
aOR= 1.82 (95% CI: 1.51–2.20) (24) 
yes 
Maternal diabetes  aOR= 1.69 (95% CI: 1.27-2.23) (102) yes 
History of anxiety  aOR = 2.79 (95% CI: 1.69, 6.67) (103) yes 
History of depression  aOR: 2.4-5.1 (21, 101, 104-106) yes 
History of mental illness  aOR = 4.48 (95% CI: 3.32–6.04) (24) 
aOR = 5.6 (95% CI: 1.1–28.0) (99) 
yes 
Family history of mental illness cOR = 2.53 (95% CI: 1.43–4.5) 
(107) 
cOR= 3.64 (95% CI: 1.68-7.86) 
(108) 
 no 
History of postpartum depression  aOR = 6.1 (95% CI: 1.8-20.4) (109) yes 
Parity  Primiparity 
aOR= 1.49 (95% CI: 1.10–2.03) (96) 
 
Multiparity 
aOR= 1.59 (95% CI: 1.22–2.08) (22) 
no 
Maternal characteristics during pregnancy 
Depression  aOR: 1.18-6.55 (20, 79-83, 85) yes 





Range of crude OR (cOR) Range of adjusted OR (aOR) / Relative 
risk (RR) of postpartum depression 
(references) 
Information available 
in the Quebec 
administrative  
databases 
Anxiety  aOR: 1.47-4.99 (20, 79, 85, 110, 111) yes 
Anemia  aOR= 4.64 (95% CI: 1.33-16.08) (112) 
aOR = 1.32 (95% CI: 1.08-1.60) (32) 
yes 
Weight gain during pregnancy  aOR= 1.48 (95% CI: 1.03-2.12) (113) no 
Gestational diabetes  aOR= 1.96 (95% CI: 1.27-3.04) (102) yes 
Pre-eclampsia  aOR= 3.62 (95% CI: 1.05–9.74) (114) yes 
Hyperemesis gravidarum cOR= 4.49 (95% CI: 1.41, 14.29) 
(115) 
 yes 
Alcohol use First trimester 








cOR= 3.50 (95% CI: 1.32-9.28) 
(116) 
 no 
Smoking  aOR= 1.4 (95% CI: 1.1–1.8) (117) no 
Unplanned pregnancy  aOR: 1.56-2.11 (24, 96, 98) no 
Heart diseases  aOR= 2.51 (95% CI: 1.94-3.24) (32) yes 
Epilepsy  aOR= 3.39 (95% CI: 1.20-9.56) (32) yes 
Delivery characteristics 
Early onset of delivery (premature labor)  aOR= 1.95 (95% CI: 1.22-3.14) (32) yes 
Preterm birth (< 37 weeks of gestation)  aOR=1.65 (95% CI: 1.08-2.56) (105) yes 
Mode of delivery   Caesarean section vs. vaginal delivery 
aOR=1.38 (95% CI: 1.08-1.77) (105) 
yes  
Season of delivery  Spring vs. winter 
aOR=0.88 (95% CI: 0.77-1.01) (32) 
 
Summer vs. winter 
aOR= 0.61 (95% CI: 0.53-0.70) (32) 
yes 





Range of crude OR (cOR) Range of adjusted OR (aOR) / Relative 
risk (RR) of postpartum depression 
(references) 
Information available 




fall vs. winter 
aOR=0.65 (95% CI: 0.56-0.74) (32) 
Maternal characteristics after childbirth 
Subinvolution of uterus  aOR= 2.13 (95% CI: 1.25-3.63) (32) yes 
Urinary tract infection  aOR= 1.88 (95% CI: 1.61-2.21) (32) 
aOR= 1.85 (95% CI: 1.08–3.16) (22) 
yes 
Difficulty of breastfeeding   aOR= 2.98 (95% CI: 1.20-7.43) (98) no 
Postpartum anemia   aOR=1.70 (95% CI: 1.05–2.74) (8) no 
Postpartum haemorrhage  aOR= 1.37 (95% CI: 1.04-1.80) (32) no 
Infant characteristics 
Low birth weight (≤ 2500g)   RR= 2.1 (95% CI: 1.3-3.3) (118) yes 
Poor fetal growth  aOR= 1.35 (95% CI: 1.03-1.78) (32) yes 
≥5 Diarrheal episodes per year  RR= 2.4 (95% CI: 1.7-3.3) (118) no 
Perinatal death   aOR= 14.1 (95% CI: 2.5–78.0) (99) yes 
Stillbirth   aOR= 13.65 (95% CI: 1.74–106.94) (119) yes 
Temperamental difficult child   aOR= 1.9 (95% CI: 1.3-2.7) (100) no 
Insufficient baby cares after delivery 
(inadequate baby care facilities) 
 aOR= 1.45 (95% CI: 1.15–1.84) (24) no 
Baby physical problems  aOR= 2.27 (95% CI: 1.15-4.49) (92) no 
Congenital malformations  aOR= 1.67 (95% CI:1.15-2.42) (105) yes 
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3.1 Primary objective  
 
       To compare the risk of postpartum depression in the year following delivery between pregnant 
women with and without asthma. 
3.2 Secondary objective 
 
1.       To compare the risk of postpartum depression at 1 month and 3 months following 
delivery between pregnant women with and without asthma.   
 
2.       To investigate the association between maternal asthma and postpartum depression 
among women with and without depression or postpartum depression 10 years prior to 
pregnancy. 
 3.3 Hypothesis  
 
       The incidence of postpartum depression will be higher among women with asthma than 
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4.1 Source of data 
 
 
       We used the Quebec asthma and pregnancy database (QAPD) as the source of data. This 
database has been previously used to examine the link between the use of asthmatic medications 
during pregnancy and the risk of congenital malformations (120, 121). Briefly, the QAPD was 
built from the linkage of two administrative health databases in the province of Quebec (Canada): 
the Régie de l’assurance maladie du Québec (RAMQ) and the Maintenance et Exploitation des 
Données pour l’Étude de la Clientèle Hospitalière (MED-ECHO) database. The RAMQ database 
includes mainly two types of data: (1) data on medical services provided to all residents of Quebec 
and (2) data on prescription medications dispensed in community pharmacies for residents covered 
by the RAMQ’s Public Drug Insurance Plan around 42% of the residents of Quebec (welfare 
recipients, employees who have no access to a drug plan from their employer or spouse's employer, 
and individuals 65 years of age or older). The MED-ECHO database contains data on acute care 
hospitalizations and covers all the inhabitants of Quebec.  
 
       The QAPD includes all women who delivered in a hospital between January 1, 1990, and 
March 31, 2010, and who had at least one asthma diagnosis recorded in the RAMQ or MED-
ECHO databases in the 2 years prior to one or more of their deliveries, plus a fourfold larger 
random sample of other women who delivered during the same period (120). By using gestational 
age at birth and date of birth of the newborns, we retrospectively identified the date of the first day 
of the last menstrual period and the date of delivery for each pregnancy using validated algorithms 
(122). The validity of the variables was assessed by calculating Pearson correlation coefficient 
between the values obtained from the databases and patients’ medical charts, and the correlations 
  39 
 
 
were found to be high for all variables ranging from 0.920 to 0.999. We had access to data related 
to hospitalizations and to medical services dispensed between January 1988 and March 2010 for 
all pregnant women and their newborns. 
 
4.2 Study design 
 
       A population-based cohort design was used to conduct the study. The cohort was selected 
from the QAPD, which includes all pregnancies from women with asthma and all pregnancies 
from a random sample of women without asthma selected between January 1, 1990, and March 
31, 2010, and identified from the delivery hospitalization recorded in the MED-ECHO database, 
independently of the drug insurance plan. The cohort inclusion criteria were as follows: (1) a 
pregnancy with a delivery that occurred in a hospital between January 1998 and March 2009, so 
that at least 1 year of follow-up data after delivery and 10 years of data prior to pregnancy were 
available for the mothers; (2) a gestational period between 20 and 45 weeks; (3) women aged 
between 15 to 45 years old at the beginning of pregnancy; and (4) pregnancies from asthmatic and 
non-asthmatic women, as operationally defined in the next section. We excluded from the cohort: 
(1) women with a diagnosis of chronic bronchitis, emphysema, chronic airway obstruction, 
tuberculosis, bronchiectasis, lung cancer and cystic fibrosis recorded in the RAMQ or MED-
ECHO databases in the 2 years prior to delivery; (2) women who died the day of delivery; and (3) 
women who delivered but for whom no information was available about their newborns. Pregnant 
women were followed from the day of delivery until the first of the following events: (1) the date 
of first diagnosis of postpartum depression; (2) death from any cause; (3) the end of follow-up 
which was 365 days postpartum; (4) the end of the study period, i.e. March 31, 2010; or (5) the 
beginning of a new pregnancy. 
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4.3 Women with and without asthma 
 
       Women with asthma were identified with the following validated operational definition: at 
least one hospitalization with a primary, admission or secondary diagnosis of asthma (International 
Classification of Disease (ICD) diagnostic codes for asthma:ICD-9: 493, except 493.2, or ICD-10: 
J45) recorded in the MED-ECHO database or at least two medical claims with an asthma diagnosis 
registered in the RAMQ database within two consecutive years since 1988 until delivery (123). 
This operational definition had a sensitivity of 80.6% and a specificity of 81.4% comparing  
Ontario Health Insurance Plan (OHIP) database with primary care practitioner chart diagnosis. 
(123). Also, asthma diagnoses recorded in the RAMQ database have been validated against 
medical chart and found to be accurate (50, 124), with a sensitivity of 85% and a specificity of 
95% for patients 16-44 years old (124). In addition, to verify that asthma was still present during 
pregnancy, women had to have at least one diagnosis of asthma recorded in the RAMQ or MED-
ECHO databases in the two years before delivery. Women with no diagnosis of asthma from 1988 
until delivery were identified as non-asthmatics. 
4.4 Postpartum depression 
 
              Cases of postpartum depression were identified using the definition of Statistics Canada, 
i.e. at least one diagnosis of depression (ICD-9: 296.2, 296.3, 300.4, 311; and ICD-10: F32-F33, 
F34.1, F38.1) (please see the specific definitions for each code of ICD-9 and ICD-10 in Table 4) 
recorded in the RAMQ or MED-ECHO databases (125). The operational definition based on ICD-
9 codes had a sensitivity of 28.93% and a specificity of 99.66%, while the sensitivity was 34.17% 
and the specificity was 99.55% for ICD-10 codes comparing discharge abstract database (DAD) 
with chart review extracted by two trained chart reviewers with nursing backgrounds (126). 
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Moreover, as we saw in the literature review, the period in which postpartum depression is assessed 
varies between studies (8, 18). Most studies in the literature evaluated postpartum depression at 1 
month and 3 months after delivery (20-22). However, according to Canadian guidelines ‘Nursing 
Best Practice Guidelines’ in 2005, they stated that the onset of postpartum depression occurs within 
1 year postpartum (23). In the present study, we used three different time periods to evaluate 
postpartum depression: 1 year postpartum was considered as the primary outcome, while 1 month 
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Table 4. Definitions of postpartum depression based on ICD-9 and ICD-10 codes 
ICD-9 code ICD-10 code Label of the code 
296.20 F32.9 Major depressive disorder, single episode unspecified 
296.21 F32.0 Major depressive disorder, single 
episode- mild 
296.22 F32.1 Major depressive disorder, single episode moderate 
296.23 F32.2 Major depressive disorder, single episode severe, without mention of 
psychotic behavior 
296.24 F32.3 Major depressive disorder, single episode severe, specified as with 
psychotic behavior 
296.25 F32.4 Depressive disorder, single episode, in partial remission 
296.26 F32.5 
 
Depressive disorder, single episode, in full remission 
296.30 F33.9 Major depressive disorder, recurrent episode unspecified 
296.31 F33.0 Major depressive disorder, recurrent episode mild 
296.32 F33.1 Major depressive disorder, recurrent episode moderate 
296.33 F33.2 Major depressive disorder, recurrent episode severe, without mention of 
psychotic behavior 
296.34 F33.3 Major depressive disorder, recurrent episode severe, specified as with 
psychotic behavior 
296.35 F33.41 Major depressive disorder, recurrent episode in partial or unspecified 
remission 
296.36 F33.42 Major depressive disorder, recurrent episode in 
full remission 
 F33.8 Recurrent depressive disorder, other 
300.4 F34.1 Dysthymic disorder 
 F38.1 Other recurrent mood disorders 
311 F32.9 Depressive episode, unspecified 
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4.5 Confounding variables and mediators  
 
       From the literature, we identified the risk factors for postpartum depression (please see Table 
3 in the literature section), and we classified them as either potential confounders or potential 
mediators. Confounding is mixing of the effect of the exposure under study on the outcome with 
that of a third factor that is associated with the exposure, an independent risk factor for the disease, 
and not in the causal pathway between exposure and disease (127-129). In contrast, a mediation 
effect occurs when the third variable (mediator, M) carries the influence of a given independent 
variable (X) to a given dependent variable (Y) (130). Therefore, potential mediators could be in 
the causal pathway between exposure and outcome.  Potential confounders include maternal age 
(15-17, 18-25, 26-35 and 36-45 years) (22, 32, 91, 92, 96, 131, 132), the area of residence 
(rural/urban) (93), and drug insurance plan (public with social welfare, public without social 
welfare and private at the beginning of pregnancy (97). We also considered previous miscarriage 
in the 10 years prior to pregnancy (yes/no) (24), history of depression or postpartum depression in 
the 10 years prior to pregnancy (yes/no) (21, 101, 104, 109) and the occurrence of at least 1 delivery 
as a proxy of parity (≥ 1 previous pregnancy/no previous pregnancy) in the 10 years prior to 
pregnancy, as well as anxiety (yes/no) (103), other psychiatric disorders (schizophrenia, bipolar, 
psychotic and personality disorders: yes/no) (24, 99), diabetes mellitus (yes/no) (102), heart 
disease (yes/no) and epilepsy (yes/no) in the year prior to pregnancy. Finally, we assessed season 
of delivery (winter, autumn, spring, and summer) (32). Also, we did not have information on the 
other potential risk factors that are listed in Table 3 in the literature review, because those variables 
are not recorded in the Quebec administrative databases. Therefore, these factors were not taken 
into consideration in our analyses. The impact of residual confounding due to unmeasured 
potential confounders will be explained later in the discussion section. Moreover, we did not 
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consider using medications for asthma or depression in our analysis as we have only information 
on pharmaceutical services of public but not private drug insurance, which constitutes about 40% 
of the population. Therefore, we decided to include all pregnancies of women with asthma 
regardless of their drug insurance plan to maintain the representativeness of the study population. 
 
       Potential mediators include depression during pregnancy (20, 79-83, 85), anxiety during 
pregnancy (20, 79, 85, 110, 111), anemia during pregnancy (32, 112), gestational diabetes (102), 
pre-eclampsia (114), hyperemesis gravidarum (115), preterm birth (< 37 weeks of gestation) (105), 
mode of delivery (105), poor fetal growth (32), stillbirth (fetal loss ≥20 weeks of gestation) (119), 
low birth weight (≤2500g) (118) and congenital malformations identified at delivery (105). 
Mediators were not adjusted for in the analyses as it could have underestimated the association 
between asthma during pregnancy and postpartum depression (133).  
4.6 Statistical analysis 
 
               Proportions were used to compare women’s characteristics with and without asthma 
during pregnancy. We also compared the proportion of women with postpartum depression 
between women with and without asthma during pregnancy, using our three pre-specified periods 
(1 month postpartum, 3 months postpartum, and 1 year postpartum). We used generalized 
estimating equation (GEE) models with a logistic link and an exchangeable correlation matrix to 
estimate the crude and adjusted odds ratios (ORs) of postpartum depression and 95% confidence 
intervals (CI) comparing women with and without asthma during pregnancy (134). Adjusted ORs 
were estimated with models including potential confounders such as maternal age (15-17, 18-25, 
26-35 and 36-45 years), the area of residence (rural/urban), drug insurance plan (public with social 
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welfare, public without social welfare and private at the beginning of pregnancy as well as previous 
miscarriage in the 10 years prior to pregnancy (yes/no), history of depression or postpartum 
depression in the 10 years prior to pregnancy (yes/no) and the occurrence of at least 1 delivery as 
a proxy of parity (≥ 1 previous pregnancy/no previous pregnancy) in the 10 years prior to 
pregnancy.  In addition, we adjusted for anxiety (yes/no), diabetes mellitus (yes/no), heart disease 
(yes/no) and epilepsy (yes/no) in the year prior to pregnancy and finally, we controlled for the 
season of delivery (winter, autumn, spring, and summer). One model was used for each of the three 
periods in which postpartum depression was assessed. GEE models were used to take into account 
the correlation between the consecutive pregnancies of a woman (135) since women could 
contribute more than two pregnancies during the study period. Moreover, stratified analyses were 
performed to assess the association under study separately for women with and without depression 
or postpartum depression 10 years before the current pregnancy. A GEE model including an 
interaction term between maternal asthma and depression or postpartum depression in the 10 years 
before pregnancy was used to test whether or not a history of depression was an effect modifier of 
the association between asthma during pregnancy and postpartum depression. Finally, a secondary 
analysis was carried out to investigate the association between maternal asthma and postpartum 
depression among women without depression or postpartum depression 10 years prior to 
pregnancy and without depression during pregnancy. Analyses were conducted with the SAS 9.3 
software (SAS Institute, Cary, NC, USA). 
4.7 Sample size and power 
 
       The study cohort included 232,577 pregnancies (35,520 from women with asthma and 
197,057 from women without asthma).  
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       Assuming an alpha error of 5%, and considering the prevalence of postpartum depression in 
the year following delivery to be 6.1%, we assumed to have a power of 90% to detect an odds ratio 
of 1.12 for women with asthma against women without asthma.   
 
4.8 Ethics approval 
 
       This research project was approved by the Ethics Committee of the Hôpital du Sacré-Coeur 
de Montréal. Authorization was obtained from the Commission d’accès à l’information du Québec 




























































              We started with 583,071 pregnancies in the QAPD and kept only those who delivered 
between 1998 and 2009 (52.6%). Of these, 24.1 % met the exclusion criteria. Finally, the study 
cohort included 232,577 pregnancies (35,520 from women with asthma and 197,057 from women 
without asthma) that reached the 20th week of gestation and delivered between January 1998 and 
March 2009 (please see the flow chart in Figure 2).   
 
       Table 5 presents the characteristics of the pregnancies among women with and without asthma 
during pregnancy. Overall, women with asthma were more likely to be younger than 25 years of 
age, to reside in an urban area and to have public drug insurance than women without asthma. The 
prevalence of heart disease, epilepsy, and diabetes mellitus, as well as anxiety and other psychiatric 
disorders in the year prior to pregnancy were higher among women with asthma than women 
without asthma. Moreover, women with asthma were more likely to have had depression or 
postpartum depression and a history of miscarriage in the 10 years prior to pregnancy. Women 
with asthma were also more likely to have depression during pregnancy, anxiety during pregnancy, 
anemia during pregnancy, gestational diabetes, preeclampsia, and hyperemesis gravidarum. We 
also found that the proportion of women who had a preterm birth, caesarean delivery, an infant 
with low birth weight or with poor fetal growth or an infant with a congenital malformation at 
delivery were greater among women with asthma. We found, however, no difference in the 
proportion of stillbirths between the two groups.  
 
      Table 6 shows the characteristics of women with and without asthma stratified by the presence 
or absence of a history of depression or postpartum depression in the 10 years prior to current 
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pregnancy. Very similar distributions of maternal age, living in urban area, and drug insurance 
plan type were seen in the four subgroups of pregnancies with or without depression or postpartum 
depression in the 10 years prior to the current pregnancy (see Table 6), except that the prevalence 
of heart disease, epilepsy, diabetes mellitus, anxiety and other psychological disorders, as well as 
pregnancy complications, was higher in the subgroups of women with history of depression or 
postpartum depression compared to women without depression or postpartum depression in the 10 
years before pregnancy (see Table 6).   
 
       Crude analyses presented in Table 7 shows that the proportion of pregnant women who had a 
postpartum depression was higher among women with asthma compared to women without asthma 
at 1 month postpartum (0.8% vs. 0.4%), 3 months postpartum (2.0% vs. 1.0%,) and 1 year 
postpartum (6.1% vs. 2.9%).  
 
       The Generalized Estimating Equation (GEE) model (Table 8) that included all measurable 
potential confounders showed that maternal asthma during pregnancy was significantly associated 
with an increased risk of 1-year postpartum depression (aOR: 1.58; 95%CI, 1.50-1.67). Younger 
(18-25 years) and older maternal age (36-45 years), those with public drug insurance, women with 
heart diseases, anxiety, and other psychiatric disorders in the year prior to pregnancy as well as 
having a history of depression or postpartum depression in the 10 years prior to pregnancy were 
associated with an increased risk of postpartum depression in the year following delivery. 
Moreover, maternal asthma was also associated with postpartum depression at 1 month (aOR: 
1.32; 95%CI, 1.15-1.52) (Table 9).  In the multivariate models, the same variables that were 
associated with an increased risk of postpartum depression in the year following delivery, and 
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being an urban resident, were found to be statistically associated with the risk of postpartum 
depression at 1 month. An exception was that both maternal age and the presence of heart diseases 
were not associated with the risk of postpartum depression at 1 month. 
 
       Consistent findings were found in the association between asthma during pregnancy and 
postpartum depression in the 3 months following delivery (aOR: 1.46; 95%CI, 1.33-1.60) (Table 
10). Similarly, in the multivariate model, consistent associations in the risk of postpartum 
depression in the 3 months following delivery were found with the same variables that were 
statistically associated with the risk of postpartum depression at 1 year. Only women who delivered 
in spring had lower odds of postpartum depression 3 months following delivery.  
  
       Finally, the analyses stratified by the presence of depression or postpartum depression in the 
10 years prior to pregnancy and during pregnancy revealed significant associations between 
maternal asthma and postpartum depression in all strata, regardless of the period of time in which 
we assessed the outcome (Table 11). We found that the risk of developing postpartum depression 
was larger among women with asthma than those without asthma, with the largest association at 1 
year postpartum. Of note, we observed higher odds ratios of postpartum depression among women 
without depression or postpartum depression as compared to those with depression or postpartum 
depression in the 10 years before pregnancy. Among these women, the odds of postpartum 
depression increased gradually as the postpartum time period increased with much higher risks of 
developing depression at 12 months’ postpartum (Table 11).    
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       A GEE model including an interaction term between maternal asthma and postpartum 
depression confirmed that history of depression or postpartum depression in the 10 years before 
pregnancy significantly modified the association between asthma and postpartum depression, 
regardless of the period in which the outcome was assessed (p-value of the interaction term 
<0.0001; see Table 12). 



















Quebec Asthma and Pregnancy Database 
(583,071 pregnancies)  
Pregnancies with a delivery that occurred in a 
hospital between January 1998 and March 2009 
306,567 Pregnancies 
306,470 Pregnancies 
Pregnancies with a gestational age of 20 to 45 
weeks at delivery 
306,288 Pregnancies 
Women 15-45 years old at the beginning of 
pregnancy  
243,114 Pregnancies 
Pregnancies from asthmatic and non-asthmatic 
women according to our operational definitions  
239,958 Pregnancies 
Women without a diagnosis of chronic bronchitis, 
emphysema, chronic airway obstruction, 
tuberculosis, bronchiectasis, lung cancer and 
cystic fibrosis in the 2 years prior to delivery 
239,954 Pregnancies 
Women who were still alive on the day 
following delivery 
232,577 Pregnancies 
Women for whom information was available 
about their newborns 
 
Figure 2. Cohort flow diagram and 
selection process. 
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Table 5. Characteristics of pregnancies of women with and without asthma 
 
 Pregnancies of women 
with asthma 
(n=35,520) 
Pregnancies of women 
without asthma 
(n=197,057) 
 n (%) n (%) 
At the beginning of pregnancy 


















   Urban residential area  29,792 (83.9) 161,219 (81.8) 
   Drug Insurance type  
Public with social welfare  
    Public without social welfare  









In the year prior to the current pregnancy 
   Heart disease  532 (1.5) 1,505 (0.8) 
   Epilepsy  177 (0.5) 484 (0.3) 
   Diabetes mellitus  580 (1.6) 2,079 (1.1) 
   Anxiety  3,248 (9.1) 10,086 (5.1) 
   Other psychiatric disorders*  697 (2.0) 1,156 (0.6) 
In 10 years prior to the current pregnancy 
   Previous miscarriage  8,528 (24.0) 38,816 (19.7) 
   History of depression or postpartum depression 5,449 (15.3) 14,472 (7.3) 
   At least 1 delivery  8,428 (23.7) 65,442 (33.2) 
Maternal characteristics during pregnancy 
   Depression  950 (2.7) 2401 (1.2) 
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   Anxiety 1,796 (5.1) 5,630 (2.9) 
   Anaemia 959 (2.7) 4,012 (2.0) 
   Gestational diabetes  2,678 (7.5) 10,618 (5.4) 
   Pre-eclampsia  1,165 (3.3) 4,489 (2.3) 
   Hyperemesis gravidarum 465 (1.3) 1,377 (0.7) 
Delivery characteristics  
   Preterm birth (<37 weeks of gestation) 3,269 (9.2) 13,711 (7.0) 



























Fetal / Infant characteristics  
   Low birth weight ≤2500g 2,415 (6.8) 9,248(4.7) 
   Poor fetal growth during pregnancy** 1,028 (2.9) 4,183 (2.1) 
   Stillbirth (fetal loss ≥20 weeks of gestation) 150 (0.4) 773 (0.4) 
   Any congenital malformation at delivery 3,716 (10.5) 18,722 (9.5) 
* Psychiatric disorders include schizophrenia, bipolar, psychotic and personality disorders. 










  55 
 
 
Table 6. Characteristics of pregnancies of women with and without asthma stratified by the presence or absence of history of 
depression or postpartum depression in 10 years prior to the current pregnancy  
 
 History of depression or postpartum 
depression 10 years prior to current 
pregnancy (n=19,921) 
No history of depression or postpartum depression 10 




women with asthma 
 (n=5,449) 
Pregnancies of women 
without asthma  
(n=14,472) 
Pregnancies of women 
with asthma (n=30,071) 
Pregnancies of women 
without asthma  
(n=182,585) 
 n (%) n (%) n (%) n (%) 
At the beginning of pregnancy 

























 Urban residential area  4,580 (84.1) 11,863 (82.0) 25,212 (83.8) 149,356 (81.8) 
 Drug Insurance type  
 
Public with social welfare 






















In the year prior to the current pregnancy 
 Heart disease 112 (2.1) 190 (1.3) 420 (1.4) 1,315 (0.7) 
 Epilepsy  48 (0.9) 59 (0.4) 129 (0.4) 425 (0.2) 
 Diabetes mellitus  130 (2.4) 182 (1.3) 450 (1.5) 1,897 (1.0) 
 Anxiety  1,278 (23.5) 2,782 (19.2) 1,970 (6.6) 7,304 (4.0) 
 Other psychiatric disorders*  508 (9.3) 714 (5.0) 189 (0.6) 442 (0.2) 
In 10 years prior to the current pregnancy 
 Previous miscarriage  1,590 (29.2) 3,726 (25.8) 6,938 (23.1) 35,090 (19.2) 
 At least 1 delivery  1,346 (24.7) 4,978 (34.4) 7,082 (23.6) 60,464 (33.1) 
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Maternal characteristics during pregnancy 
Depression 595 (11.0) 1,296 (9.0) 355 (1.2) 1,105 (0.6) 
Anxiety 649 (12.0) 1,227 (8.5) 1,147 (3.8) 4,403 (2.4) 
Anaemia  177 (3.3) 308 (2.1) 782 (2.6) 3,704 (2.0) 
Gestational diabetes 520 (9.5) 925 (6.4) 2,158 (7.2) 9,693 (5.3) 
Pre-eclampsia 215 (4.0) 351 (2.4) 950 (3.2) 4,138 (2.3) 
Hyperemesis gravidarum 109 (2.0) 161 (1.1) 356 (1.2) 1,216 (0.7) 
Delivery characteristics 
Preterm birth (<37 weeks of 
gestation) 
632 (11.6) 1,222 (8.4) 2637 (8.8) 12,489 (6.8) 


















































Fetal / infant characteristics  
Low birth weight ≤2500g 465 (8.5) 859 (5.9) 1,950 (6.5) 8,389 (4.6) 
Poor fetal growth during 
pregnancy 
191 (3.5) 314 (2.2) 837 (2.8) 3,869 (2.1) 
Stillbirth (fetal loss ≥20 weeks 
of gestation)  
28 (0.5) 64 (0.4) 122 (0.4) 709 (0.4) 
Any congenital malformation 
at delivery 
592 (10.9) 1,424 (9.8) 3,124 (10.4) 17,298 (9.5) 
* Psychiatric disorders include schizophrenia, bipolar, psychotic and personality disorders. 




  57 
 
 
Table 7. Proportions of women with postpartum depression at 1 month, 3 months and 1 year postpartum among women with and 
without asthma during pregnancy 
 
 1 month postpartum 3 months postpartum 1 year postpartum 
 n (%) n (%) n (%) 
Women with asthma during 
pregnancy 
(n= 35,520) 
297 (0.8) 721 (2.0) 2,150 (6.1) 
Women without asthma during 
pregnancy 
 (n= 197,057) 
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Table 8.  Crude and adjusted odds ratios (OR) of postpartum depression associated with asthma during pregnancy in the year 
following delivery  
 
 Number of 
pregnancies 
Number of cases of 
postpartum depression 
(%) 
Crude OR (95% CI) Adjusted OR (95% CI) * 















At the beginning of pregnancy 








































   Drug Insurance type  
 
Public with social welfare 






















In the year prior to the current pregnancy 
  Heart disease 
       Yes 













  Epilepsy  
      Yes 













  Diabetes mellitus  
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    No 229,918 7,778 (3.4) (reference) (reference) 
  Anxiety  
    Yes 













  Other psychiatric disorders*  
    Yes 













In 10 years prior to pregnancy 
  Previous miscarriage  
    Yes 













  History of depression or 
postpartum depression 
    Yes  

















  At least 1 delivery  
    Yes 












































*Adjusted for maternal age, the area of residence, drug insurance status, anxiety, diabetes mellitus, epilepsy, heart diseases in the year prior to the current 
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Table 9.  Crude and adjusted odds ratios (OR) of postpartum depression associated with asthma during pregnancy in the 1 month 
following delivery  
 
 Number of 
pregnancies 
Number of cases of 
postpartum depression (%) 
Crude OR (95% CI) Adjusted OR (95% CI) * 















At the beginning of pregnancy 








































   Drug Insurance type  
 
Public with social welfare 






















In the year prior to the current pregnancy 
  Heart disease 
       Yes 













  Epilepsy  
      Yes 













  Diabetes mellitus  
     Yes 
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  Anxiety  
    Yes 













  Other psychiatric disorders*  
    Yes 













In 10 years prior to pregnancy 
  Previous miscarriage  
    Yes 













  History of depression or 
postpartum depression 
    Yes  

















  At least 1 delivery  
    Yes 












































*Adjusted for maternal age, the area of residence, drug insurance status, anxiety, diabetes mellitus, epilepsy, heart diseases in the year prior to the current 
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Table 10.  Crude and adjusted odds ratios (OR) of postpartum depression associated with asthma during pregnancy in the 3 months 
following delivery  
 
 Number of 
pregnancies 
Number of cases of 
postpartum depression (%) 
Crude OR (95% CI) Adjusted OR (95% CI) * 















At the beginning of pregnancy 








































   Drug Insurance type  
 
Public with social welfare 






















In the year prior to the current pregnancy 
  Heart disease 
       Yes 













  Epilepsy  
      Yes 













  Diabetes mellitus  
     Yes 
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  Anxiety  
    Yes 













  Other psychiatric disorders*  
    Yes 













In 10 years prior to pregnancy 
  Previous miscarriage  
    Yes 













  History of depression or 
postpartum depression 
    Yes  

















  At least 1 delivery  
    Yes 












































*Adjusted for maternal age, the area of residence, drug insurance status, anxiety, diabetes mellitus, epilepsy, heart diseases in the year prior to the current 
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Table 11. Adjusted odds ratios for the association between asthma during pregnancy and 
postpartum depression at 1 month, 3 months and 1 year postpartum in the entire cohort and 
stratified by the presence or absence of depression or postpartum depression 10 years prior to 
the current pregnancy  
 
  Number of 
pregnancies 




(95% CI) * 
Entire cohort (n=232,577)  


















Women with depression or postpartum depression 10 years prior to the current 
pregnancy (n=19,921) 


















Women without depression or postpartum depression 10 years prior to the current 
pregnancy (n=212,656) 


















Women without depression or postpartum depression 10 years prior to pregnancy and 
without depression during pregnancy (n=211,196) 


















*Adjusted for maternal age, the area of residence, drug insurance status, anxiety, diabetes mellitus, epilepsy, heart 
diseases in the year prior to the current pregnancy, previous miscarriage, depression or postpartum depression, at 
1 least 1 delivery in the 10 years prior to the current pregnancy and season of delivery. 
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Table 12. The GEE interaction model of the association between maternal asthma and 
postpartum depression (at 1 month, 3 months and 1 year postpartum) 
 
 Adjusted OR (95% CI) a 
1 month postpartum 




1.55 (1.28-1.87)  
(reference) 






7.35 (6.35-8.5)  
(reference) 
Asthma during pregnancy*depression or postpartum depression 





1.41 (1.21-1.61)  
(reference) 
3 months postpartum 














Asthma during pregnancy*depression or postpartum depression 







1 year postpartum 














Asthma during pregnancy*depression or postpartum depression 







a The model includes an interaction term between maternal asthma during pregnancy and women with a history of 
depression or postpartum depression in the 10 years prior to the current pregnancy.
















































       This chapter presents a discussion of the results included in the thesis. In addition, this 
section will illustrate the contribution of the results in the field of asthma during pregnancy and 
postpartum depression. Finally, we will present the strength and weakness of the study.   
6.1 General discussion 
 
       Asthma is one of the most prevalent chronic diseases encountered during pregnancy (1-3). 
The disease affects about 3.4% to 12.4% of pregnant women and shows an increasing prevalence 
over time (2-6). In the United States, trends in asthma prevalence have been increased over the 
past several decades, particularly among younger age groups. These trends suggest a concurrent 
increase in the prevalence of asthma among pregnant women (44, 45). Several studies have 
revealed that adverse pregnancy outcomes were higher among asthmatic women than non-
asthmatic women, including preeclampsia, antepartum hemorrhage, hypertensive disorders of 
pregnancy, caesarean delivery, placenta previa, and postpartum bleeding (2, 3, 7). 
       Postpartum depression is a nonpsychotic depressive episode starting in the postpartum 
period (58, 59). At present, postpartum depression is not classified as a separate disease; it is 
diagnosed as part of affective or mood disorders in both DSM-IV (American Psychiatric 
Association, 1994) and ICD10 (World Health Organization, 1993). According to the DSM-IV, 
postpartum depression is a depressive disorder with onset within the first 4 weeks after delivery. 
Postpartum depression (PPD) is a serious and debilitating illness that affects approximately 
10%-15% worldwide (8-10). In Canada, there are studies showed that the prevalence of 
postpartum depression increased from 8.7% to 16.4% from 2011 to 2014 (60, 61). Symptoms 
of postpartum depression include anxiety, guilt, negative maternal attitudes, and poor parenting 
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self-efficacy (136, 137). The period in which postpartum depression was measured differs 
considerably between studies (8, 18, 19). These episodes start after delivery and may last one 
year postpartum (17). Most studies in the literature assessed postpartum depression at 1 month 
and 3 months after childbirth (20-22). However, according to Canadian guidelines ‘Nursing Best 
Practice Guidelines’ in 2005, they stated that the onset of postpartum depression occurs within 
1 year postpartum (23).  
 
       There is also evidence from several epidemiological studies on the increased risk of 
depression among women with asthma outside of pregnancy, with effect size ranging between 
1.4 and 2.8 (27-29). This study was the first specifically designed to investigate the association 
between asthma during pregnancy and postpartum depression. The purpose of this study was to 
compare the risk of postpartum depression at three different time periods (at 1 month, 3 months 
and 1 year postpartum) between pregnant women with and without asthma.  
 
6.2 Contribution of our results to the literature in the field of asthma during pregnancy 
and postpartum depression 
      This is the first study to assess the impact of maternal asthma and postpartum depression as 
a primary outcome. Maternal asthma was associated with an increased risk of developing 
postpartum depression in the three periods assessed; 32% at 1 month, 46% at 3 months and 58% 
at 1 year postpartum. Based on our results asthma during pregnancy is considered as a risk factor 
of postpartum depression. Although these results supported our research hypothesis in a 
representative population-based cohort, future studies are warranted to confirm findings from 
our study. Our results also showed that this association was present in women with and without 
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depression or postpartum depression in the 10 years before pregnancy and also among those 
women without depression during pregnancy. However, the association was stronger among 
those without previous depression or postpartum depression in the 10 years before pregnancy. 
According to the Canadian network for mood and anxiety treatment (CANMAT) clinical 
guidelines, the maximum benefit for taking the antidepressant appear at 6 to 9 months after the 
initiation of therapy (138). Therefore, our findings could be explained by the fact that the 
subgroup of women with depression or postpartum depression prior to pregnancy might have 
been more likely to be treated with antidepressant medications before or during pregnancy. This 
is only a hypothesis and further studies are needed to confirm whether it is true or not.   
 
       To the best of our knowledge, this is the first study specifically designed to examine the 
association between asthma during pregnancy and postpartum depression. However, we found 
one previous case-control study based on Taiwanese administrative databases that reported data 
on this association, but this study was designed to assess the impact of the mode and season of 
delivery on postpartum depression, and maternal asthma was only considered as a potential 
confounder (32). The study which included 2,107 cases of postpartum depression and 8,428 
controls selected between 2003 and 2006 showed that asthma during pregnancy was associated 
with an increased risk of postpartum depression within the first 6 months following delivery, 
but this association did not reach statistical significance (OR: 1.3; 95% CI, 0.98, 1.73) (32). 
However, some limitations should be taken into account in the interpretation of the results of 
this study. It was based on health administrative databases that did not include information about 
possible risk factors of PPD, such as the lack of social support, family income, education of the 
mother, area of residence and diabetes mellitus. Not controlling for those variables might have 
  70 
 
 
resulted in residual confounding and possibly lead to overestimation of the association between 
asthma during pregnancy and postpartum depression as they are found more prevalent among 
women with asthma compared to women without asthma (139-143). Meanwhile, because of the 
fact that maternal asthma was not the exposure of interest, the association was adjusted for 
variables that might be in the causal pathway between maternal asthma and postpartum 
depression, including antepartum depression, early onset of delivery, and poor fetal growth. 
Such adjustment could have biased the estimate of the association between asthma during 
pregnancy and PPD towards the null.  
 
       Several epidemiological studies have reported an association between asthma and 
depression outside of pregnancy (27, 29, 66, 68). The biological mechanisms explaining the link 
between asthma and depression are still unclear, but several hypotheses exist and could possibly 
explain the association between asthma during pregnancy and postpartum depression. The first 
hypothesis is related to stress and glucocorticoid resistance. Indeed, the experience of significant 
stress early in life is considered as a risk factor for the development of both depression and 
asthma and, via glucocorticoid resistance, may represent the most significant link between the 
two conditions (31). A subset of patients who are exposed to psychological/emotional stress 
early in life has delicate dysregulation of the sympathetic and parasympathetic nervous systems 
and the hypothalamic-pituitary-adrenal axis, including glucocorticoid resistance, which biases 
the immune system toward a T helper 2 (Th2) response (31, 144), immune system hyperactivity 
and inflammation. It is possible that increased inflammation brings out a latent genetic risk for 
both asthma and depression, with the former having either a lower threshold for expression or 
with developmental factors interacting with inflammation to produce asthma. Suffering from a 
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stressful experience may cause the developing autonomic nervous system to be more labile, 
which can change into emotionally triggered asthma symptoms (145). Glucocorticoids suppress 
asthma symptoms successfully in most of patients; however, a small number of patients fails to 
respond to exogenous steroids, even when they are taken high doses (146). These patients 
usually had asthma longer than the average patients and manifest irreversible airflow obstruction 
and a greater inflammatory burden (147). Glucocorticoids signaling defects are also existing in 
depressed patients (148). About 50% of the persons who suffer from depression have higher 
levels of cortisol and corticotropin-releasing hormone (149, 150), with very high rates of 
dexamethasone non-suppression (151). The second hypothesis is the role of cytokines. 
Cytokines affect inflammatory responses, and the processes they govern are implicated in the 
pathophysiology of many diseases, including those with central nervous system manifestations 
(30). Peripheral cytokines can cause an increase in the glial cell release of cytokine of the brain 
via the vagus and glossopharyngeal nerves rather than acting directly on the brain themselves 
(152). The intersection of the cytokine and hypothalamic-pituitary-adrenal systems is 
mechanistically relevant to the development of both asthma and depression. Depression is 
characterized by immune activation, mainly the innate immune system (26). Sickness 
behaviour, the emotional and behavioural symptoms that develop as a consequence of acute 
infection or cytokine therapy, appears to be the result of augmented levels of the pro-
inflammatory cytokines interleukin (IL)-1 and tumour necrosis factor (TNF) and is the most 
commonly cited evidence linking cytokine activation with depression. When individuals are 
exposed to an allergen or irritant, an imbalance between T helper 1 (Th1)  and T helper 2 (Th2) 
cells occurs and certain types of inflammatory cells (e.g., mast cells) are activated (153). This 
consequently results in an over-expression of Th2 related cytokines and reduction of Th1 related 
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cytokines that are linked to asthma development. There are also documented evidence on the 
effects of depression on memory, attention, sleep, alteration of appetite and decision-making 
(154-157). All of these cognitive mechanisms are involved in patient compliance with treatment, 
and are therefore related to self-management plans and expected management outcomes (158). 
Serious deficiencies in making decisions to seek medical help or call an ambulance have been 
reported in cases of a slow-onset asthma attack (159).   
6.3 Strengths of the study 
6.3.1 Databases 
 
       One of the strengths of our study is the use of prospectively gathered data from 
administrative databases. Using the interlinked two large Quebec’s databases to identify the 
exposures and outcomes provided many advantages over other methods of data collection such 
as a self-reported questionnaire or a personal interview (127-129).  
 
       First, data on asthma diagnosis were prospectively collected and independently of the 
outcome, thus excluding the possibility of recall bias. Second, using administrative databases, 
we had the ability to study a large number of pregnant women in a reasonable budget and time-
frame. Third, data recorded in the medical diagnosis of asthma recorded in the RAMQ Medical 
Services database has been formally evaluated and found to be valid and precise (160, 161). The 
RAMQ and MED-ECHO databases have often been used for research on asthma and pregnancy 
with many articles published in renowned medical journals (162-165). 
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       Pregnancy variables recorded in the RAMQ and MED-ECHO databases have been formally 
evaluated and found to be highly valid (122). From the variables that have been validated and 
were used to perform our analyses are maternal age, the length of gestation, date of delivery, 
and date of last menstruation. The validity of the variables was assessed by calculating Pearson 
correlation coefficient between the values obtained from the databases and patients’ medical 
charts, and the correlations were found to be high for all variables ranging from 0.920 to 0.999. 
In addition, the validity of the operational definition of asthma was validated using Ontarian 
administrative databases (123).  
6.3.2 External validity 
 
       External validity generally refers to which extent a study’s findings could be applied to 
other non-study populations (generalizability) (127-129, 166). We did not consider using the 
medications for asthma or depression in our analysis as we did not have information on 
pharmaceutical services of the private drug insurance which accounts for about 60% of the 
population of this study. On the other hand, 40% of the women that have public drug insurance 
might represent women with lower socio-economic status (welfare recipients, and employees 
who have no access to a drug plan from their employer or spouse's employer) and they are alone 
not representative of the study population. Therefore, we decided to include all pregnancies 
from women with asthma and all pregnancies from a random sample of women without asthma 
selected between January 1, 1990, and March 31, 2010. These pregnancies were identified from 
the delivery hospitalization record in the MED-ECHO database, independently of the drug 
insurance plan.  This decision was taken to ensure the representativeness of the study population.  
In addition, we assessed three different time periods for postpartum depression (1 month, 3 
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months, and 1 year postpartum), as there was no consensus in the literature on the most 
appropriate period to assess postpartum depression. Thus, this study will add new insights into 
the possible link between asthma during pregnancy and postpartum depression in pregnant 
women.  
6.4 Limits of the study 
 
        Two types of error could alter study results; random error and systematic error (bias) 
(127-129). 
 
6.4.1 Random error 
 
       Random error (chance effect) is defined as the variability in the data and it represents the 
precision of the estimate. Random error usually diminishes as the sample size gets large. A small 
P-value and a narrow confidence interval are reassuring signs against chance effect (127-129). 
As mentioned earlier, we had a large cohort that included 232,577 pregnancies (35,520 from 
women with asthma and 197,057 from women without asthmatic) that reached the 20th week of 
gestation and delivered between January 1998 and March 2009. Therefore, the large sample size 
in the study would decrease the effect of the random error.   
6.4.2 Systematic error 
 
Systematic error in a research study leads to a difference between an observed value and the 
true value due to all causes other than sampling variability (167). It could occur due to errors in 
the way the subjects were selected, errors in the measurement of variables, or any confounding 
factor that is not completely controlled for. Systematic error mainly influences the internal 
validity of the study and bias can be classified into selection bias, information bias, and 
confounding bias (127-129). Selection bias refers to any error that arises in the process of 
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identifying the study populations, and in a cohort it is usually related to losses to follow-up (127-
129). In our study, we don’t believe that we faced a situation in which this kind of bias could 
have altered our results. 
6.4.2.1 Information bias 
 
       Information bias occurs as a result of systematic differences in the way data on exposure, 
outcome, or confounders are obtained from the various study groups (127-129). 
Misclassification is the reason behind information bias, which can be differential or non-
differential misclassification (127-129).  
 
       In retrospective cohort studies, in which information is obtained from past records, 
differential misclassification could be present if the quality and accuracy of information 
gathered are different among exposed and non-exposed persons (129). In our study, the 
assessment of the outcome (cases of postpartum depression) was identified using diagnostic 
codes recorded in the RAMQ and MED-ECHO databases (administrative databases) and was 
not specifically validated for this study, but the assessment of the outcome was made 
independently of the exposure. Consequently, if there was any inaccuracy in the outcome 
measurement, it will not be related to exposure status and only non-differential misclassification 
may have resulted. Non-differential misclassification generally dilutes the effect (towards null 
effect) and produces underestimation of the OR (127). Since there are no specific codes of 
postpartum depression in the literature, we decided to use the diagnostic codes of depression 
from the definition of Statistics Canada recorded in the RAMQ or MED-ECHO databases (125). 
Our list of codes was verified by a psychologist from the Hôpital du Sacré-Coeur de Montréal. 
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We decided to use these codes as they demonstrated the highest specificities with a greater 
likelihood that those who are not depressed will be identified more correctly than using other 
definitions in the literature (126). In addition, the fact that women with a chronic disease such 
as asthma may see more often physicians and seek medical attention to a greater extent than 
women without asthma might lead to postpartum depression diagnosed more frequently among 
women with asthma than among women without asthma. Consequently, this might lead to 
differential misclassification of the outcome and would bias the association away from the null. 
Further use of these diagnostic codes of postpartum depression in future studies are justified and 
will provide additional evidence on its validity among asthmatic pregnant women.  
6.4.2.2 Confounding bias 
 
       Confounding is mixing of the effect of the exposure under study on the disease (outcome) 
with that of a third factor that is associated with the exposure, an independent risk factor for the 
disease, and not in the causal pathway between exposure and disease (even among individuals 
non-exposed to the exposure factor under study) (127-129). The consequence of confounding is 
that the estimated association is not the same as the true effect and an extraneous risk factor 
could be the alternative reason behind the association (or part of the association) observed 
between the exposure and the outcome (127-129). In order to reduce the impact of confounding 
in our study, we used generalized estimating equation (GEE) models to estimate the adjusted 
odds ratios (ORs) of postpartum while adjusting for several potential confounders. We included 
the majority of known risk factors of postpartum depression in our models, however, we were 
unable to adjust for a some well-known risk factors, like mother and husband education, 
unemployment, financial problems ,domestic violence, childhood physical abuse, lack of social 
  77 
 
 
support by the partner and the family, poor marital relationship, family history of mental illness, 
weight gain during pregnancy, alcohol use during pregnancy, smoking during pregnancy, and 
unplanned pregnancy. We found evidence from the literature that poor marital relationship, 
family history of mental illness and alcohol use during pregnancy might have no difference in 
women with and without asthma (141, 168, 169) so; these variables will have no effect on the 
association between asthma during pregnancy and postpartum depression. However, findings 
from the literature suggest that mother/husband education, unemployment, financial problems, 
domestic violence, childhood physical abuse, lack of social support, weight gain during 
pregnancy, smoking during pregnancy and unplanned pregnancy are associated with increased 
risk of asthma (139-141, 170-175). Low education, unemployment, weight gain during 
pregnancy and smoking during pregnancy are more likely to have a strong positive association 
with both asthma and postpartum depression (24, 94, 113, 117, 139, 170, 173, 176), while 
financial problems, domestic violence, childhood physical abuse, lack of social support and 
unplanned pregnancy are associated with asthma and postpartum depression to a less extent (21, 
24, 95, 96, 98, 100, 140, 141, 171, 172, 175).  Therefore, we expect that not adjusting for these 
variables might possibly overestimate the association between maternal asthma and postpartum 
depression. 
 
       In addition, we did not adjust for mediators in our analysis such as 1) maternal 
characteristics during pregnancy (depression, anxiety, anemia, gestational diabetes, 
preeclampsia, hyperemesis gravidarum), 2) delivery characteristics (premature labor, preterm 
birth (< 37 weeks of gestation), mode of delivery), 3) maternal characteristics after delivery 
(subinvolution of uterus, urinary tract infection, difficulty of breastfeeding, postpartum anemia, 
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postpartum hemorrhage), 4) infant characteristics (low birth weight (≤2500g), poor fetal growth, 
≥5 diarrheal episodes per year, perinatal death, stillbirth (fetal loss ≥20 weeks of gestation), 
temperamentally difficult child, inadequate baby care facilities after delivery, baby physical 
problems and congenital malformation at delivery) as it could have underestimated the 
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Conclusion and perspective 
 
 
       The work presented in this thesis aimed at studying the association between asthma during 
pregnancy and postpartum depression. Briefly, our study showed an increase in the risk of 
developing postpartum depression among women with asthma compared to women without 
asthma in the three periods assessed, i.e. 1 month, 3 months and 1 year postpartum, with the 
highest association seen at 1 year postpartum (58% increase among women with asthma). 
Moreover, our results showed that this association was present in both subgroups of women 
with and without depression or postpartum depression before pregnancy, although significantly 
higher among women with no history of depression or postpartum depression.     
 
       Results of this thesis are relevant to physicians and other health care professionals who see 
pregnant asthmatic women every day in clinics and hospitals. In light of the aforementioned 
results, it would be recommended for physicians to monitor closely asthmatic pregnant women 
to detect the early signs of postpartum depression among these women more rapidly and 
intervene more efficiently, if necessary. Also, the prevention of postpartum depression among 
women with asthma could be attained with appropriate counseling measures during pregnancy.  
Therefore, it would be recommended to settle objectives for clinical management of asthma 
during pregnancy (39). These objectives include the prevention of chronic day and night 
symptoms, maintenance of optimal pulmonary function and normal activities, and prevention 
of exacerbations, using therapies with minimal or no adverse side-effects (39). In addition, it is 
important to maintain fetal oxygenation by preventing episodes of maternal hypoxia (39). 
Achieving these objectives require regular monitoring of clinical symptoms, provision of self-
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management education and the correct use of pharmacotherapies. Moreover, there is some 
evidence showing that psychosocial or psychological intervention after childbirth helped reduce 
the risk of postpartum depression (177). Therefore, multidisciplinary management approach of 
all pregnant women with asthma by all health care professionals involved in a woman’s care is 
encouraged (39). 
  
       The findings in our study could have an impact for future research. From one part, future 
studies from populations in other countries need to investigate the same association and 
accumulate evidence on the increased risk of postpartum depression among asthmatic women. 
In addition, studies that adjust for the confounders that were not measured in our administrative 
database are required to investigate the effect of these confounders on the association between 
asthma during pregnancy and postpartum depression. Moreover, future studies could aim at 
studying the effect of potential mediators that were listed in our study on the association between 
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